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THE  DIFFUSION  OF  CRUDE  PETROLEUM 


THROUGH  FULLER'S  EARTH. 


INTRODUCTION. 

It  la  a  well  established  fact  that  the  petrolemn 
obtained  from  the  sandstones  of  the  Upper  Devonian  and 
Missisaippian  periods,  generally  known  as  the  Pennsylvania 
oil,  differs  markedly  from  the  natural  oil  found  in  the 
Trenton  limestone,  usually  designated  as  the  Ohio  oil,  and 
Trenton  limestone  oil.   Both  of  these  oils,  in  turn,  are 
distinctly  different  from  the  petroleum  occurring  in  the 
loose  sands  and  soft  shales  of  California.   The  uncon- 
solidated Tertiary  clays,  sands,  and  gravels  in  the  southern 
United  States,  particularly  in  Texas,  yield  another  variety 
of  petroleum,  characterized  by  properties  more  or  less  differ- 
ent from  any  of  the  prt  ceding  oils. 

Not  only  do  these  differences  exist  between  oils 
found  in  separate  regions,  but  extreme  variations  in  color 
and  specific  gravity,  as  well  as  chemical  composition,  often 
occur  between  those  of  neighboring  localities.   On  the  other 
hand,  close  resemblances  abundantly  occur  between  petroleum 
of  sections  widely  removed  from  each  other.   Some  of  the 
Soiath  American,  and  many  of  the  European  oils,  for  instance, 
have  been  found  to  possess  properties  very  similar  to  those 
of  the  oils-  of  the  southern  United  States;  while  the  oil  from 
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the  Oomiferous  limestone  of  Canada  closely  resembles  the 
Ohio  petroleum. 

These  variations  in  the  oils  of  the  United  States 
and  other  coiontries  have  "been  carefully  studied  by  many  investi- 
gators.  Such  noted  workers  as  Warren,  Storer,  Mabery,  Pelouze, 
Cahours,  Schorleramer,  Beilstein,  Markownikoff ,  Engler,  and 
Kurbatoff  have  devoted  their  lives  to  this  subject.   The 
question  that  naturally  arises  in  connection  with  these 
variations  is,  Are  these  differences  fundamental?   Is  the 
Pennsylvania  petroleum  as  distinctly  different  from  the  Ohio 
oil  as  one  chemical  compound  is  from  another?  In  ansvj^er  to 

these  questions,  the  following  extract  from  a  paper  read  by 

1 
Mabery  in  1903  before  the  American  Philosophical  Society  is 

of  considerable  importance,  "Now  after  years  of  arduous  labor 

I  have  reached  the  conclusion  that  petroleum  froia  whatever 

source  is  one  and  the  same  substance,  capable  of  a  simple 

definition  -  a  mixture  in  variable  proportions  of  a  few 

series  of  hydrocarbons,  the  product  of  any  particular  flield 

differing  from  that  of  any  other  only  in  the  proportion  of 

the  series  and  the  members  of  the  series,"   The  evidence 

supporting  this  declaration  has  been  and  is  accumulating 

constantly,  and,  at  the  present  time,  this  view  is  generally 

accepted. 

If  petroleum,  then,  is  one  and  the  same  substance, 

how  can  the  extreme  variations  betwean  the  American  oils  be 

explained?   Were  the  causes  operating  in  the  formation  of  the 


(1)  Proc.  Amer,  Phil,  Soc,  1903. 
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Pennsylvania  oil,  almost  barren  of  sulphur  and  nitrogenous 
bodies,  different  from  those  acting  in  the  production  of  the 
sulphur-bearing  oils  of  Ohio,  or  the  heavy  sulphur  and  nitro- 
genous oil  of  California?   Quoting  again  from  Mabery,  "It 

1 
would  seem  that  the  small  proportions  of  these  bodies  in 

Pennsylvania  oil,  as  compared  with  the  larger  proportions 
in  the  limestone  oils  and  California  oil,  should  be  strong 
evidence  in  favor  of  a  different  origin,  that  Pennsylvania 
oil  came  from  organic  vegetable  remains,  which  should  permit 
of  the  small  amounts  of  sulphur  and  nitrogen  compoTonds  from 
this  class  of  oils". 

It  is  a  notable  fact,  however,  that  the  great  coal 
formations  of  Pennsylvania  have  not,  up  to  the  present  time, 
been  connected  chemically  with  the  oil  found  in  the  Gheraiong 
and  Pooono  strata  far  below  the  coal.   Furthermore,  since 
the  deposition  of  the  sandstones  and  shales  which  contain 
the  oil  occurred  when  a  large  part  of  what  is  now  the  conti- 
nent of  North  America  was  under  water,  no  areas  of  land  vege- 
tation, sufficiently  extensive  to  give  rise  to  the  enormous 
deposits  of  oil,  probably  existed.   The  theory,  therefore, 
that  the  Pennsylvania  oil  was  formed  from  vegetable  organic 
matter  cannot  be  accepted  as  probable.   The  association  of 

this  oil  with  a  vegetable  source  has  been  compelled,  it  seems, 

the 
by^belief  that  the  Chemung  and  im;aediately  overlying  formations 

are  barren  in  animal  organic  remains.   Prof.  Charles  K.  owartz 

of  the  Johns  Hopkins  University,  in  a  careful  study  of  the 


(l)  Reference  is  made  to  the  sulphur,  nitrogen,  and  oxygen  com- 
pounds in  petroleum. 
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Chemung  formation  in  Maryland,  has  found  that  fossil  remains 
exist  in  abundance  in  the  strata  of  this  formation.   In 
Pennsylvania,  whilo  the  stratei^  bearing  the  oil  are  usually 
barren  in  organic  remains,  the  layers  immediately  underlying 
them  have  been  found  to  bear  large  quantities  of  fossils. 
Whether  the  quantity  of  animal  organic  remains  was  sufficient 
to  give  rise  to  the  enormous  deposits  of  oil  is,  of  course, 
a  question  which,  in  the  present  state  of  our  knowledge,  must 
remain  unanswered.   It  is  reasonable  to  assume,  however,  that 
the  source  of  the  Pennsylvania  oil  was  chiefly  of  animal  organic 
remains. 

This  assumption  is  beset  with  the  difficulty  that 
the  oil  may  have  been  possibly  formed  from  vegetable  remains 
in  the  Carboniferous  formations  above,  and  then,  by  downward 
diffusion,  may  have  reached  its  present  position.   This  view 
rests  upon  the  physical  fact  that  a  liquid  diffuses  by  the 
force  of  capillarity  in  all  directions,  downward  as  well  as 
upward.   This  view  has  not  received  much  attention,  but  it 
undoubtedly  deserves  a  very  careful  study.   Owing,  however, 
to  the  universal  association  of  water  with  natural  oil  and 
gas,  the  migration  of  the  latter,  under  the  driving  power 
of  water,  is  generally  upv/ard.   This  fact  is  attested  by  the 
accumulation  of  oil  in  anticlinal  folds  when  .vater  is  present, 
and  by  the  existence  of  the  remarkable  gushing  oil  wells,  in- 
dicating that  the  oil  is  under  great  pressure,  the  removal  of 
which  causes  it  to  shoot  forth  into  the  air  like  great  geysers. 
That  the  Pennsylvania  oil  descended  from  the  Carboniferous  for- 
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mations  seems,  therefore,  improbable. 

Setting  aside  the  view  that  oil  of  the  C^eia^ong  and 
Pocono  fornations  originated  from  a  vegetable  source  as  im- 
probable, oonsideration  will  now  be  given  to  the  other  view 
that  has  been  suggested  in  explanation  of  the  variations 
between  Pennsylvania  and  Ohio  oils,  both  of  which  were  very 
probably  formed  from  similar  substances ^ that  is,  from  animal 
organic  regains. 

This  view  is  that  the  origin  of  the  Pennsylvania  oil 
is  secondary,  i.e.,  that  it  v/as  not  formed  originally  in  the 
strata  in  which  it  isnow  found,  but  migrated  from  regions 

below  to  its  present  location.   In  the  paper  read  before  the 

-1 
American  Philosophical  Society,  Mabery  states,  "It  is  reasonable 

to  assiome,  as  is  now  believed,  that  Pennsylvania  oil  was  not 
formed  in  the  sandst'^nes,  but  found  its  way  there  by  natural 
agencies  from  lower  strata,  probably  the  Devonian  shales."  It 
is  reasonable  to  assume,  on  the  other  hand,  that  the  oil  may 
have  originated  in  the  Chemung  formation  in  the  strata  bearing 
the  animal  organic  rer.^ains,  and  then  diffused  upward  through 
layers  of  different  thicknesdes   to  its  present  location  in  the 
sandstones.   It  has  been  suggested,  moreover,  that  the  present 
Pennsylvania  oil  may  have  migrated  to  its  present  position  from 
the  Trenton  lins-itone  far  below  in  the  Middle  Ordivician  age. 

It  is  not  within  the  scope  of  the  present  investiga- 
tion to  discuss  the  primitive  abode  of  this  oil.  ilhatevz^r   the 
original  home  of  the  Pennsylvania  oil,  it  seoms  probable  that 


U)  Proc.  Ai?ier.  Phil.  Soc,"  1903. 
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it  migrated  to  its  present  location  from  regions  below.   It  is 

with  the  facts  bearing  upon  this  migration  that  the  present 

investigation  is  priiaarily  concerned. 

1 
In  1897,  Dr.  David  T.  Day,  upon  his  ovm  observations, 

and  those  of  Dr.  John  N.  MacGonigle , proposed  the  view  that  the 

may  have 
Pennsylvania  oil,  at  some  past  timg* Apossessed  properties  very 

similar  to  those  of  the  Ohio  oil,  but  that , in  its  migration  to 

its  present  abode  from  regions  below,  its  character  was  changed 

to  its  present  condition. 

Guided  by  this  view,  he  conducted,  in  the  laboratories 

of  the  United  States  Geological  Survey,  an  investigation  into 

the  changes  occurring  in  crude  petroleum  when  allowed  to  diffuse 

through  porous  media,  such  as  fuller's  earth.   He  demonstrated 

clearly  that  an  oil  resembling  the  lightPen^^sylvania  oil  could 

be  readily  produced  in  the  laboratory  from  the  heavier  crude 

Ohio  oil.   Glass  tubes  were  packed  firmly  with  the  dry  earth, 

through  which  the  crude  oil  diffused  by  its  own  force  of 

capillarity.   From  the  earth  of  the  upper  sections  of  the  tubes, 

very  light,  in  some  cases  coloi^less,  oils  were  liberated  by 

treatm.ent  with  water;  from  the  earth  of  the  lower  sections  of 

the  tubes,  much  darker  and  heavier  oils  were  obtained. 

It  will  be  observed  that  the  fractionation  is 

effected  entirely  by  capillarity;  oils  with  different  surface 

tensions  rise  with  different  velocities  through  the  capillary 

openings,  such  as  the  fin€  interstices  and  minute  pores  of  the 

fuller's  earth.   A  separation  of  the  various  constituents  making 

up  the  complex  of  an;/  one  oil  is  thus  produced.   The  view  once 


1)  Proc.'Amer.  Phil,  Goc,  1897, 
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held  that  this  phenomenon  is  chemical  was  clearly  disproved 

-1 
by  Engler  and  Albrecht  iniOOl,  and  later  by  other  investiga- 
tors. 

Any  medium,  therefore,  siof f iciontly  find  grained 
and  porous  to  afford  capillary  spaces,  causes  a  separation 
of  the  constituents  of  any  mixture,  provided  they  possess 
different  surface  tensions.   The  compact  sandstones,  shales, 
and  limestones  that  recur  in  many  cycles  throughout  the 
earth's  crust  present  an  excellent  medium  for  the  separation 
of  the  constituents  of  such  a  complex  mixture  as  petroleum. 
The  force  of  capillarity,  assisted  by  the  upward  driving 
power  of  ground  and  salt  water  occurring  in  the  interior 
of  the  earth,  acting  over  vast  periods  of  time,  is,  it 
seems  safe  to  state,  sufficiently  powerftil  to  tr'ansport 
the  oil  from  the  lower  regions  to  those  above.   That  the 
conditions,  therefore,  to  cause  such  a  migration,  with  the 
consequential  fractionation  of  the  original  oil,  are  abund- 
antly present,  appears  extremely  probable. 

Let  us  examine,  now  the  conduct  of  the  con- 
stituents of  petroleum  subjected  to  such  a  fractionation. 
The  members  composing  the  natural  oil  may  be  grouped  under 
the  following  general  heads,  paraffine,  aromatic,  unsaturated 
hydrocarbons,  sulphur,  nitrogen,  and  oxygen  compo\:)nds.   The 
behavior  of  the  paraffine  and  uns&iurated  hydrocarbons  will 
be  considered  first. 

Dr.  David  T.  Day  early  observed  that  the  unsat- 
urated hydrocarbons  are  less  diffusible  than  the  paraffine 


1)  Zeit.  f-ftr  Angewandte  Chemie,  1901,  pp. 
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hydrocarbons.   Later,  Gilpin  and  Cram  clearly  demonstrated 
that  when  petrole'om  is  allowed  to  diffuse  through  tiibes 
pachGd  with  fuller's  earth,  the  unsaturated  hydrocarbons 
collect  in  the  earth  of  lovv'er  sections  of  the  tubes,  while 
the  paEaffines  tend  to  accuniulate  in  the  lightest  fraction 
at  the  top  of  the  tube.   In  the  present  investigation,  these 
results  have  been  fully  confirmed.   On  pages  '76  to  SO  ,  are 
given  the  bromine  absorption  values,  and  the  percentages  by 
volimie  absorbed  by  concentrated  sulphuric  acid  of  the  various 
oils  obtained  from  definite  sections  of  a  tube.   These  figures 
indicate  conclusively  that  the  amount  of  unsaturated  hydrocarbons 
in  the  oils  from  the  lower  sections  of  the  tube  is  much  greater 
than  the  amount  of  these  hydrocarbons  in  the  lightest  fraction 
at  the  top  of  the  tube.   Furthermore,  the  bromine  absorption 
values  for  the  oils  of  similar  fractions  of  the  first,  second, 
and  third  fractionation,  given  in  Table  11  ,  on  page  77  ,  show 
that  in  the  progress  of  the  fractionation  more  and  more  of 
the  unsaturated  hydrocarbons  are  removed.   Herr,  in  Russia, 

has  likewise  observed  that  these  hydrocai'bons  are  less 
diffusible  than  the  paraf fines. 

An  interesting  confirmation  of  these  experiments 

in  natui'e  has  been  recently  presented  by  Clifford  Richardson 

2 

and  K.  G.  MacKenzie.   They  found  that  a  colorless  natural 

najrtha  from  the  Province  of  Santa  Clara,  Cuba,  contained 
practically  no  unsaturated  hydrocarbons,  but  was  almost 
entirely  a  mixture  of  napthenes  and  paraf fines.   Concentrated 


(1)  Petroleum,  August,  1909. 

(2)  Amer.  Jour,  of  Science,  May,  1910. 
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sulphviric  acid  absorbed  but  0.76^. by  volume,  while  fuming 

sulphuric  acid  absorbed  only  l^Bfc.      With  the  napl:ha  were 

obtained  water  and  an  emulsion  of  water,  oil  and  clay. 

These  investigators  are  of  the  opinion  that  the  napjtha  was 

"undoubtedly  formed  by  the  upward  filtration  of  heavy  petro- 

lei;™  through  the  clay  stratum,  similar  to  the  fuller's  earth 

filtrations  of  Gilpin  and  Cram,  and  the  light  najftha  in  the 

upper  part  of  the  stratum  was  afterwards  partly  liberated 

by  saline  waters,  the  oil  remaining  in  the  clay  forming 

1 
with  water  the  emulsion". 

A  comparison  of  the  proportions  of  unsaturated 
hydrocarbons  in  Ohio  and  Pennsylvania  oils  shows  that  the 
latter  contains  a  much  smaller  percentage  of  these  hydro- 
carbons.  By  assi-iming  that  the  Pennsylvania  oil  diffused 
upward  through  such  porous  media  as  shales  and  limestones 
to  its  present  location  inthe  sandstones,  it  is  possible 
to  account  for  the  smaller  amounts  of  the  defines  in  it 
on  the  basis  of  the  experimental  work  described  above.  In 
its  passage  through  the  capillary  interstices  of  the  clays, 
limestones  and  sandstones,  a  fractionation,  resulting  in 
the  removal  of  the  unsaturated  hydrocarbons,  probably  occurred, 
It  is  reasonable  to  conclude,  therefore,  that  the  variation 
in  the  content  of  unsaturated  hydrocarbons  betw'en  the  Ohio, 
Texas,  and  California  oils,  on  the  one  hand,  and  the  Pennsyl- 
vania oil  on  the  other,  can  be  probably  accounted  for  by 
assTxming  that  the  latter  was  subjected  to  capillary  diffusion 


(1)  Amcr.  Jour,  of  Science,  ''ay,  1910. 
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at  some  tine  in  ita  career.   That  the  light-colored  naphthas 
occurring  in  various  parts  of  the  worlB  v/ere  originally 
darker  and  heavier  oils,  and  that  their  primitive  character 
was  changed  hy  diffusion  through  media  possessing  the  power 
of  fractionation,  seems  very  probable. 

•The  behavior  of  the  aromatic  hydrocarbons,  in 
particular  benzene,  in  passing  through  fuller's  earth 
constitutes  one  of  the  subjects  of  this  investigation. 
The  results  of  this  study,  given  in  detail  on  pages  ^^  to 
5C}  ,  indicate  clearly  that  benzene,  like  the  defines,  tends 
to  collect  in  the  lower  sections  of  a  tube  of  fuller's  earth 
through  which  the  benzene,  in  solution,  is  allowed  to  diffuse. 
That  the  aromatic  hydrocarbons  in  the  natural  oil  behave  in 
a  similar  manner  has  not  yet  been  decided.   The  proportion 
of  ihese  hydrocarbons  in  the  Illinois  oil  investigated  was 
too  small  to  enable  us  to  determine  acGur|-ately  their  amounts 
in  the  various  fractions  obtained  by  the  capillary  diffusion 
of  the  crude  oil.   The  ordii'ary  methods,  such  as  nitration 
with  the  mixture  of  nitric  and  sulphuric  acids,  and  sulphana- 
tion,  employed  for  the  quantitative  determination  of  the  aro- 
matic hydrocarbons  could  not  be  used  in  this  work,  owing  to 
the  fact  that  these  reagents  readily  Affect  the  unsaturated 
hydrocarbons  as  well.   A  study  of  the  conduct  of  the  aromatic 
hydrocarbons  in  the  natural  oil  containing  large  amounts  of 
them  will  be  \indertaken  in  the  near  future.   It  is  probable, 
however,  that  the  benzene  and  homologous  compounds  in  crude 
petroleimi  behave  like  the  unsaturated  hydrocarbons. 
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The  presence  of  larger  amounts  of  aromatic  hydrocarbons  in  the 
Ohio  than  in  the  Pennsylvania  petroleum,  and  still  larger  amounts 
in  the  California  and  Texas  oils,  seems  to  b»  afford  further  evi- 
dence in  favor  of  the  view  that  the  Pennsylvania  oil  has  undergone 
much  greater  diffusion,  and  consequently  greater  fractionation, 
than  any  of  the  other  oils. 

The  conduct  of  the  sulphur  compounds  in  petrol eujn  in  the 
process  of  diffusion,  although  of  extreme  importance,  has  not 
been  very  carefully  studied.  Experiments   bearing  directly  upon 
this  subject  ai-e  now  in  progress  in  this  laboratory,  but  definite 
results  have  as  yet  not  been  obtained.   In  1902,  Clifford  Richardson 
and  E.  C.  V/allace,  in  an  investigation  on  the  occuri'ence  of  free 
sulphur  in  Beaumont  petroleim,  passed  this  oil  upward  through  the 
kaolin  filter  described  by  Dr.  E.  T.  Day  at  the  Petroleum  Congrees 
in  1900,  and  obtained  a  distinct  fractionation.   The  percentages 
of  sulphur  in  the  crude  oil, and  the  oils  obtained  by  this  fractiona- 
tion were  determiined,  and  are  given  in  the  following  table: 

Sp.  Gr.^      io   sulphur. 
an 

Crude  oil .9140  1.75 

let.  fraction .8775  0.80 

2nd.      "     .8986  0.91 

3rd.      "     .9038  1.04 

It  seems  clear,  therefore,  from,  the  work  of  these  investi- 
gators, that  the  conduct  of  the  sulphur  compounds  is  similar  to 
that  of  the  unsaturated  and  aromatic  hydrocarbons,  in  that  they 
tend  to  accumulate  in  the  lower  sections  of  a  layer  of  a  porous 


(l)  Jour.  Soc.  Chem.  Industry,  March,  1902. 
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medivun  through  which  the  crude  oil  io  allowed  to  diffuse. 

It  seems  reasonable  to  assume  fro  a  these  results 
that  the  variations  in  the  sulphur  content  between  the 
Pennsylvania  and  Ohio  oils  may  be  satisf actor^y  explained 
by  the  view  that  the  former  oil,  as  previously  stated,  diffused 
from  other  regions  to  its  present  location,  and  in  its  migration 
a  large  part  of  its  original  content  of  sulphur  was  rem.oved. 
Until  a  more  careful  study  of  the  behavior  of  the  sulphur  com- 
pounds in  the  crude  oil  subjected  to  fractionation  by  fuller's 
earth  is  made,  this  piece  of  evidence  in  favor  of  the  migration 
theory  is  not  as  conclusive  as  it  Bfaacbi  pi  ohuLbij   later  prove 
to  be. 

No  careful  study  of  the  behavior  of  the  nitrogen 
and  oxygen  compounds  in  petroleum  diffusing  through  a  porous 
mediiom  has  as  yet  been  undertaken.   A  careful  investigation 
into  this  matter  will  be  pnrsued  in  this  laboratory  later  on. 
It  is  probable  that  such  an  investigation  will  show  that  the 
nitrogen  compounds  conduct  themselves  like  the  sulphur,  unsat- 
urated, and  aromatic  hydrocarbons.   The  fact  that  the  California 
oil,  which,  it  seems,  has  been  subjected  to  but  little  fractiona* 
tion,  contains  large  amounts  of  nitrogenous  compounds,  while  the 
Pennsylvania  oil  bears  only  slight  traces  of  them,  seems  to 
afford  further  evidence  in  confirmation  of  the  view  that  the 
latter  oil  diffused  from   some  primitive  source  to  its  present 
location. 

Although,  the  view  of  the  secondary  origination 
of  the  Pennsylvania  oil  is  strongly  supported  by  experimental 
evidence,  it  is  still  beset  v-dth  several  difficulties  which 
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have  as  yet  not  been  overcome.   One  of  these  difficultiee  io 

that  no  actual  evidence  of  the  existence  of  petrolexim  or  its 

remains  in  the  strata  through  which  the  oil  has  passed  in  its 

migration  to  its  present  location  in  the  Chemung  and  Pocono 

formations  has  been  presented.   It  is  imperative,  therefore, 

that  the  rocks  underlying  the  present  locations  of  the  oils 

should  be  subjected  to  a  very  careful  chemical,  as  well  as 

a  physical  and  geological  examination.   It  is  evident  that 

the  presence  of  petroleum  or  its  remains  in  these  u_nderlying 

strata  must  be  demonstrated,  before  the  theory  of  the  migra- 

otherwise  very  strongly  supported, 
tion,  and  secondary  ori.riration,  can  be  accepted  as  conclusive. 


THE  OBJECT  OF  THIS  IITVESTIGATIOK. 

The  present  investigation  was  undertaken  for  the 
immediate  purpose  of  studying  the  changes  occurring  in 
the  crude  Illinois  oil  when  allowed  to  diffuse  through 
fuller's  earth.   The  more  distant,  but  more  fundamental 
object  was  to  gain  further  insight  into  the  causes  of  the 
variations  between  the  oils  of  the  United  States. 

EXPERIMENTAL. 

Preliminary  Experiments. 

The  Relative  Amounts  of  Oil  Lost  in  Heated  and 
Unheated  Fuller' s  Earth. 
Before  the  actual  investigation  of  the  Illinois 
oil  was  undertaken,  experiments  were  made  to  determine  the 
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relative  amounts  of  oil  lost  in  heated  and  unheated  fuller's 
earth.   In  the  work  of  Gilpin  and  Crara,  the  earth  was  always 
heated  until  geysers  ceased  to  form,  and  then  allowed  to  cool 
for  several  hours.   The  purpose  of  heating  the  earth  was  to 
obtain  larger  yields  of  oil,  but  towards  the  close  of  their 
investigation,  it  became  apparent  that  the  amount  of  oil  lost 
in  unheated  fuller's  earth  was  not  as  large  as  they  had  supposed 
it  to  be.   Since  much  time  and  labor  is  consumed  in  the  process 
of  heating  and  then  cooling  the  earth,  it  seemed  advisable  to 
settle  this  point  at  the  outset. 

Apparatus  -  Bescriptlont 

The  apparatus  employed  for  this  investigation  wras 
essentially  the  same  as  that  used  by  Gilpin  and  Cram. 

A,  A,  A,  A,  are  tin  reservoirs  made  to  hold  somewhat 
more  than  a  liter.   The  tin  tubes,  B,  B,  B,  B,  five  and  a 
half  feet  in  length,  and  one  and  a  quarter  inches  in  diameter, 
rest  upon  narrow  tin  supports  placed  upon  the  bottom  of  the 
reservoirs,  and  are  connected  with  the  branched  glass  tube  F 
by  suction  tubing  fitted  with  pinchcocks  at  E,  E,  E,  E.   The 
tube  F  is  connected  with  the  large  tank  0,  v/hich  serves  to 
maintain  fairly  constant  pressures;  C  is  in  turn  joined  by 
the  glass  tube  D  to  a  manometer,  and  the  latter  connected 
with  the  Chapman  piJimp.   Any  niomber  of  tubes  may  be  set  up 
in  series  under  the  same  diminished  pressure. 

After  the  tubes  are  closed  at  their  lower  ends 
with  grooved  corks  covered  with  muslin  to  prevent  the  earth 
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from  sifting  oi-it,  they  are  packed  to  the  desired  firmness 
vfith  the  fuller's  earth.   Each  tube  is  then  placed  in  its 
owa   reservoir,  containing  the  oil  to  be  fractionated.   ViThen 
they  are  connected  to  the  branched  tube  F,  the  pressure 
in  the  system  of  lubes  is  reduced  by  the  suction  pump.   The 
oil  rises  at  first  rapidly,  then  its  diffusion  gradually 
diminishes  in  power.   Vflnen  the  reservoirs  are  almost  exhausted, 
the  tubes  are  disconnected  and  clamped^ with  the  bottom  ends  up 
above  shorter  tubes  of  the  same  diameter,  into  which  the  oil- 
laden  earth  is  allowed  to  slide.   These  shorter  tubes  are 
made  of  two  curved  pieces,  joined  at  the  bottom  by  a  cap, 
and  held  together  at  the  top  by  a  ring.   The  cylinders  are 
opened  by  slipping  off  the  ring  and  cap,  and  removing  one 
of  the  curved  pieces,  and  the  earth  divided  into  the  desired 
sections.   Vifhen  ikrater  is  added  in  portions  to  the  earth  and 
the  two  mixed  thoroi;.ghly,  the  oil  is  displaced  and  is  drawn 
off  in  separate  portions. 

Six  tubes  packed  with  heated  fuller's  earth  were  set 
up  alternately  with  six  tubes  filled  with  the  unheated  earth. 
Each  tube  was  placed  in  its  own  reservoir  containing  950  cubic 
centimeters  of  criide  oil.   The  oil  was  allowed  to  diffuse  upward 
through  the  tubes  under  diminished  pressure.   Sixteen  hours  elapse- 
before  the  oil  in  the  reservoirs  v/as  exhausted.   Since  the  tubes 
did  not  rest  directly  upon  the  bottom  of  the  reservoirs,  a  small 
amount  of  oil  remained,  the  volumes  of  which  were  subtracted  from 
the  volumes  originally  supplied.   The  earth  from  each  tnhe   was 
shaken  into  a  bucket,  and  the  oil  recovered  by  displacement  ?;ith 
water,  as  described  above.     The  results  of  these  experiments 
are  arranged  in  the  following  table: 


ated 

Fuller' s 
Earth 


Tubes 

1 
3 
5 
7 
9 
11 


Wt , 
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TABLE 1. 

of  Fuller's 

Oil  Absorbed 

Oil 

Oil  Lost. 

Earth. 

by  Earth. 

Recovered. 

grams. 

c.c. 

c.c. 

c.c. 

1005 

850 

450 

390 

1000 

792 

460 

332 

1035 

850 

500 

350 

1070 

865 

450 

415 

1035 

813 

430 

383 

1045 

885 

530 

355 

Total 

— 

5055 

2830 

2225 

44^ 

2 

1075 

917 

585 

332 

36 

4 

1095 

85S 

562 

291 

34 

heated 
tiller's 

6 

1065 

840 

500 

340 

42 

Earth. 

8 

1045 

814 

435 

379 

46 

10 

1035 

873 

510 

363 

41 

12 

1055 

850 

485 

365 

41 

Total 

— 

5147 

3077 

2070 

40^ 

The  petroleum  employed  in  the  above  experiments  was  a  dark, 
green  oil  from  Venango  County,  Pennsylvania,  possessing  a  specific 
gravity  of  .810. 

Since  the  Illinois  oil,  which  was  used  in  the  fractionation 
proper  described  later,  differs  materially  from  the  Pennsylvanian 
petroleum,  further  experiments  v;ere  undertaken  to  determine  the 
relative  amounts  of  this  oil  retained  by  heated  and  unheated  earth. 

Ten  tubes,  five  of  which  were  packed  as  uniformly  as  possible 


with  fuller's  ear-th  that  haQ  been  heated  until  geysers  ceased 

to  form,  and  the  oKther  five,  with  unheated  earth,  were  placed 

in  reservoirs,  each  containing  950  cubic  centimeters  of  Illinois 

oil,  specific  gravity  .8375.   When  theoil  was  entirely  absorbed, 

the  tubes  v;ere  taken  down,  the  oil-laden  earth  was  shaken  into 

two  breakable  cylinders,  and  divided  into  the  following  sections: 

A  constitutes  the  section,  10  centimeters  in  length,  measured. 

downward  from  the  level  to  "^irhich  the  oil  had  ascended;  B,  the 

next  15  centimeters;  C,  20  centim.eters;  D,  30  centimeters;  E, 

35  centimeters;  the  remainder  of  the  earth  to  the  bottom  of  the 

tube,  designated  as  F,  was  entirely  discarded. 

The  earth  was  then  treated  with  separate  portions  of 

water.   The  oils  displaced  by  the  successive  additions  of  water 

were  collected  separately,  and  are  designated  in  the  table  belovr 

12    12  1  2 

as  A  ,  A  ,  B  ,  B  ,  and  so  on;  A  is  the  oil  first  displaced,  A  , 

the  oil  next  expelled  by  further  additions  of  water.   The  volumes 

and  specific  gravities  of  the  recovered  oils  were  determined.   The 

results  are  expressed  in  the  following  table: 

TABLE  2. 
Heated  Fuller's  Earth.  Unheated  Puller's  Earth. 


Frac. 

1 
A 

Spec.  Grav. 

Vol.  c.c. 

Spec.  Grav. 

Vol.  c.c. 

.8287 

100 

.8320 

72 

2 

A 

— 



.8352 

22 

1 

B 

.8390 

157 

.8405 

184 

2 

B 

.8485 

35 

.8451 

124 

1 

C 

.8441 

280 

.8443 

270 

2 

0 

.8507 

67 

.8495 

147 

1 

D 

.8450 

393 

.8483 

368 

2 

D 

.8490 

132 

.8517 

210 

1 

E 

.8537 

339 

.8500 

360 

2 

E 

.8564 

174 
1701  ■ 

.8569 

185 
194-2 
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These  results  indicate  that  unheated  fuller's  earth 
retains  no  more  oil  than  the  heated  earth.   Although,  in 
these  experiments,  the  percentage  of  oil  lost  in   the 
unheated  is  smaller  than  the  percentage  of  oil  lost  in 
the  heated  earth;  Gilpin  and  Cram,  employing  heated  earth, 
recovered,  in  one  test,  5,951  cuhic  centimeters  from  9,070 
cubic  centimeters,  and,  in  another,  5,415  cuhio  centimeters 
from  8,915  cubic  centimeters,  the  amount  of  oil  lost  in  the 
earth  in  the  first  test  corresponding  to  34  ^,  in  the  second, 
to  39^.   It  is  clear,  therefore,  that  there  is  no  sufficient, 
if  any,  compensation  for  the  time  and  labor  spent  in  heating 
tho  earth.   In  the  investigations  that  followed,  therefore, 
the  unheated  fuller's  earth  was  always  used. 


The  Diffusion  of  Benzene  in  Solution  through 
Puner's~EaFEh. 


In  order  to  deal  more  intelligently  with  the  fractiona- 
Llon  of  the  crude  Illinois  petroleum,  it  seemed  advisable  to 
study  the  behavior  of  the  individual  aro-aatic  hydrocarbons, 
expecially  benzene,  both  alone  and  mixed  with  paraffin 
hydrocarbons,  when  illowed  to  diffuse  upward  through  fuller's 
earth.   Gilpin  and  Cram  established  the  fact  that  the  paraffin 
hydrocarbons  tend  to  collect  in  the  lightest  fractions  at  the 
top  of  the  tube.   Their  method  consisted  in  distilling  by 
heat  six  samples  of  oils  of  different  specific  gravities, 
each  300  cubic  centimeters  in  volume,  and  collecting  ten 
fractions  between  definite  intervals.  Five  of  these  samples 
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consisted  of  oil  partly  fractionated  by  fuller's  earth,  and 
the  other  of  the  crude  oil.   The  specific  gravity  and  vis- 
cosity of  each  fraction  were  determined;  then  to  50  cubic 
centiaieters,  or  to  all  there  was  where  the  amount  was  less 
than  30  cubic  centimeters,  an  equal  volume  of  concentrated 
sulphuric  acid  (specific  gravity  1.84)  was  added,  and  the 
two  shaken  by  a  machine  for  half  an  hour  or  longer.   The 
volume  of  the  oil  unaffected  by  the  acid  was  measured,  and, 
by  subtraction,  the  voliime  of  oil  absorbed  was  calculated. 
This  latter  volume  represents  only  approximately  the 
percentage  of  unsaturated  hydrocarbons  present  in  the  oil, 
because  sulphuric  acid  of  this  strength  readily  dissolves 
benzene  when  the  two  are  thoroughly  shiken. 

In  this  investigation,  various  solutions  of 

o 
benzene  and  a  refined  paraffin  oil,  boiling  between  160 

o 

and  240  ,  and  only  slightly  attacked  by  sulphuric  acid, 
were  made  up,  and  allowed  to  rise  in  tubes  packed  with 
unheated  fuller's  earth.   The  pressure  in  the  system  was 
reduced  very  little,  because  the  liquid,  under  a  greatly 
diminished  pressure,  rose  too  rapidly.   About  twenty-four 
hours  elapsed  before  the  oil  in  the  resei'voirs  was  exhausted. 

The  earth  in  each  tube  was  shaken  out  and  divided 
into  six  sections.   Beginning  at  the  uppermost  point  to  which 
the  oil  had  ascended,  grade  A  consisted  of  the  first  8  centi- 
meters; grade  B  of  the  next  8  centimeters,  grade  C  of  18  centi- 
meters, grade  D  of  30  centimeters;  grade  E  of  35  centimeters, 
and  finally  grade  F  of  the  remainder  of  the  earth,  depending 


.  r.eniit' 
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on  the  height  to  which  the  oil  had  ascended.   This  division 
is  the  same  as  that  used  by  Gilpin  and  Oram,   The  oil  in  the 
earth  was  displaced  by  water,  and  drawn  off. 

The  specific  gravity  of  each  fraction  was  deter- 
mined by  means  of  the  Mohr-V/eatphal  balance  at  exactly  20° 
Centigrade.   The  fourth  decimal  place  is  not  to  be  con- 
sidered as  strictly  accurate,  but  gives  a  closer  approxima- 
tion to  the  truth  than  if  it  were  entirely  discarded. 

The  viscosity  was  determined  by  means  of  the 

viscometer  described  by  Ostwald  and  Luther  and  modified 

(1) 
by  Jones  and  Veazey.    The  time  taken  for  measured  volxAmes 

of  the  oils  to  drain  from  the  small  bulb  whose  capacity 

was.  4.5  cubic  centimeters,  was  compared  with  the  time 

required  for  a  similar  amount  of  water  to  run  through. 

These  values  were  substituted  in  the  equation: 

T  3 


y  =  Yo- 

To  So 

y  =  coefficient  of  viscosity  of  water. 
For  this,  .01002,  the  value  ob- 
tained by  Thorpe  and  Rodger2  ^/yas 
used. 

T  =  Time  of  flow  of  liquid  under  examination. 

S   =   Specific  gravity,  measured  at  20   0,  of 
liquid  under  examination. 

T^  =  Time  of  flow  water. 

S  =  Specific  gravity  of  water.  Since  the  balance 
^    was  calibrated  for  water^20°0,  the  value  for 
Sp  is  unity. 

^      y  =   Coeffioient  of  viscosity  of  oil  under  examination. 

(1)  Ze^tsghrift  fur  Physikalische  Ohemie,  vol.31,  p. 651. 

(2)  Phil.  Trans,  vol.  185A,  1894,  p.  397. 
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The  amount  of  "benzene  present  in  each  fraction  was 
determined  by  shaking  the  oil  with  an  excess  of  ordinary 
concentrated  sulphuric  acid  (specific  gravity  1.84;  for 
periods  of  time  varying  from  thirty  to  sixty  minutes,  until 
there  was  no  further  dimiinution  in  the  volume  of  the  oil. 

The  following  experiments  demonstrate  the  power  of 

this  Tioid  to  dissolve  benzene,  forming  benzene-sulphonic 

acid: 

(1)     Twenty-five  cubic  centimeters  of  benzene  were 

a. 
shaken  vigorously  by  machine  with  25  cubic  centimeters 

of  con.  sulphuric  acid  (1.84;  for  thirty  minutes. 

Amount  of  benzene  dissolved  =  7  cubic  centimeters  -  28^ 
{2)  Twenty-five  cubic  centimeters  were  shaken  for  thirty 

minutes  with  50  cubic  centimeters  of  con.  sulphuric  acid. 

Amount  of  benzene  dissolved  =  18  cubic  centimeters  =  72/^ 
(3)     Twenty-five  cubic  centimeters  were  shaken  for  thirty 
minutes  with  75  cubic  centimeters  of  con.  sulphuric  acid. 

/iraount  of  benzene  dissolved  =  25  cubic  centimeters  =  100^ 

The  reagents  usually  employed  for  removing  benzene  are 

a  mixture  of  fuming  nitric  and  concentrated  sulphuric  acid. 

1  2 

The  work  of  Worstall,  Francis  and  Young,  and  others  shows 

that  such  a  mixture  readily  attacks  the  paraffin  hydrocarbons, 
eBpecially  at  higher  temperatures,  forming  nitro  derivatives, 
and  also  oxidizing  them  to  a  considerable  extent.   Furthermore, 
in  working  with  this  mixture  the  oil  must  be  kept  at  a  low 
temperature  to  prevent  a  violent  reaction  which  results 
usually  in  the  decomposition  of  the  oil.   In  this  work,  there- 
fore, in  order  to  avoid  the  danger  of  attacking  the  paraffin 


(1)  Amer.Chem.  Jour.  26,  1898;  ibid,  27,  1399. 

(2)  Jour.Chem.  Soc.  1898,  pp.  928. 
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hydrocarbons,  and  for  the  sake  of  convenience,  concentrated 

sulphuric  acid  was  used. 

It  seems  advisable, at  this  point, to  call  attention 
ordinary 
to  the  fact  that  the  power  of /yconcentrated  sulphuric  acid 

to  remove  benzene  and  homologous  hydrocarbons  has  been 
generally  overlooked.   In  order  to  determine  the  percentages 
of  these  hydrocarbons,  it  is  customary  to  shake  the  oils  to 
be  analysed  with  concentirated  sulphuric  acid,  and  then  to 
nitrate  the  unaffected  oil.   It  is  assumed  that  the  acid 
removes  such  substances  as  the  unsaturated  hydrocarbons,  and 
does  not  attack  the  aromatic  hydrocarbons.   Thus,  P.  Poni, 
in  determining  the  presence  and  percentage  of  aro'iiatic  hydro- 
carbons in  Roumanian  patroleum,  collected  fractions  between 

o       o 

55  -  70  ,  distilled  under  diminished  pressure.   These  were 
purified  by  shaking  with  sulphuric  acid,  and  each  nitrated 
with  a  mixture  of  1  part  of  nitric  acid  (sp.g.  1.52)  and 
2  parts  sulphuric  (1.8).    The  recovered  oils  were  assumed 
to  be  paraffins  and  napthenes,  while  the  proportionsof  benzene 
and  unsaturated  hydrocarbons  were  calculated  from  the  nitro 
products  obtained.   It  is  obvious  from  the  results  obtained 
in  the  present  work,  that  some  of  tlie  benzene  was  removed 
in  the  process  of  purifying  the  fractions.   The  amount 
dissolved  would  depend  upon  the  vigor  of  the  shaking  and 
its  duration,  as  well  as  the  strength  of  the  sulphuric  acid. 
It  is  highly  probable,  therefore,  that  his  percentage  of 
benzene  is  too  low. 

('l)  Ann.  Sci.  Univ.  Jassy,  1907,  pp.  192-202;  (Abstracted  in 
the  Journal  of  Chem.  Soc,  92,  1907.) 
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In  the  study  of  the  mixti^re  of  benzene  and  paraffin 
hydrocarbons,  twenty-five  ciibic  centicieters  of  each  fraction, 
or  all  there  was  when  the   an our t  was  less  than  this,  were 
shaken  vigorously  with  three  times  their  volume  of  concent- 
rated sulphuric  acid  for  thirty  minutes.   The  amount  unab- 

Borbed  v/as  measured  over  the  acid  in  a  burette,  after  suffi- 

been 
cient  time  had^allowed  for  most  of  the  oil  that  was  mechan- 
ically held  in  suspension  to  rise.   The  oil  v;as  then  re- 
shaken  with  a  little  more  acid  fifteen  minutes  longer,  and 
the  volume  again  read.   In  cases  where  the  benzene  was  only 

present  in  small  quantities  one  shaking  was  sufficient,  in 

it  was 
other  cases, ^repeated  a  second  time. 

The  paraffin  oil  employed,  specific  gravity  .797, 
was  shaken  several  times  with  fresh  portions  of  con.  sul- 
phuric acid',  until  the  coloration  of  the  acid  disappeared, 
and  only  a  slight  diminution  in  volume  occurred  when  a 
small  sample  of  the  oil  was  thoroughly  shaken  by  machine 
for  some  time  with  the  acid.   The  oil  was  then  washed  with 
v/ater  and  sodiiOTi  hydroxide,  and  dried  over  calcium  chloride. 
The  specific  gravity  decreased  to  .792. 

l?^en  this  oil  was  mixed  with  benzene  in  various 
proportions,  and  allov/ed  to  diffuse  upward  through  fii.ller's 
earth,  the  following  results,  arranged  in  tables,  were  ob- 
tained: 


Series  1 


(  25  ; 
TABLE 3. 

Oil  alone.    Specific  Gravity  .792, 


Level  of  oil  «  28 


4 


Grade     Volume  of  oil 
c.c. 


A 

11 

B 

17 

0 

60 

D 

100 

E 

150 

F 

139 

477. 
Griff,  Vol.  778' 


Specific 
Gravity- 


Viscosity    Percent  Benzene 


789 

— 

792 

— 

7912 

.0154 

7915 

.0140 

7913 

.0134 

7915 

.0134 

Series  2 


90^  oil     -  .792  )  spec.  grav.  .7983 

10??i  benzene   .8775)       Lwvel  of  oil  -  22  cms, 


Grade    Voliome  of  oil    Specific    Viscosity    Percent  Benzene 
c.c.  Gravity 


11 


16 


56 


109 


145 


245 


,787 


.7923 


.793? 


.7943 


.7957 


,7955 


.0131 


,0123 


,0120 


,0116 


10.0 


13.: 


11.6 


14.8 


14.4 


14.8 


Orig. 


582 
Vol.  872 


(1)  The  original  volumes  of  solution  vary  with  each  series,  ov/'ing 
to  the  fact  that  more  or  loss  always  remained  behind  in  the 
reservoir  below  the  level  of  the  tin  support.   In  series  1, 
2,  3,  and  4,  950  cubic  centimeters  were  supplied  to  each 
reservoir;  in  the  rest  of  the  series,  each  reservoir  con- 
tained originally  1,000  cubic  centimeters. 

(2)  In  this  Series,  the  percentages  of  benzene  are  not  given, 
because  the  paraffin  oil  alone  v/as  used. 
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The  figures  in  the  various  tables  are  expressed 
dlagrammatically  in  the  curves  that  accompany  the  Series, 

The  o^dinates  represent  the  various  Grades;  the 
abscissas,  both  the  percentages  of  benzene  and  the  speci- 
fic gravities. 
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Series  S 


eofc   ©il    -   .792  )  spec.  grav.  ,806 

20fo   benzene   .8775)      Level  of  oil  -  25  cms. 


Grade    Volume  of  oil    Specific 
c.c.  Gravity 


Viscoaity    Percent  Benzene 


A 

25 

.7948 

.0147 

15.3 

B 

35 

.7981 

.0130 

16 

C 

78 

.8017 

.0117 

22.4 

D 

126 

.8005 

.0105 

21.6 

E 

166 

.801 

.0107 

22.4 

F 

146 
576  ■ 

.798 

.0110 

20.8 

Orig. 

Vol. 

892 

Series  4 


75^  oil     -  .792  )   spec.  grav.  .810 

25^  benzene   .8775)       Level  of  oil  -  33  cms. 


Grade 


Volume  of  oil 
c.c. 


16. 


Specific 
Gravity 


,800 


Viscosity 


Percent  Benzene 


22 


35 
74 


,803 
,8077 


,0129 

.0126 


23,3 
24 


128 


,805 


,0114 


24 


152 


.8068 


.0102 


26 


120 


525 
Orig.  Vol.655 


,8065 


,0105 


28 


(1)  The  viscosities  of  Grade  A  and  B  in  a  few  of  the  tables  are 
not  given,  because, in  these  series  which  were  the  first  to 
be  made,  the  decision  to  determine  the  viscosities  was 
Reached  only  after  the  fractions  had  been  treated  with  acid. 
Since  A  and  B  were  small,  ail  the  oil  was  used  up  in  this 


/If 


Al 


^^^^ 

:: 

E 

S^irizb   ■¥ 


^  'o  zo  3o  /f-o  .jfoo     -fooo       'ttOO       •fxoo      ,fSoo 


^er      Cent      '3t  n^tnc 


3p.c,f,.      q.a^n-tV 
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Series  5_  1 

75^  oil    -   .794  )   spec.  grav.  .8115 

25'fo   benzene    .8775)       Level  of  oil  -  24  cms, 


Grade    Voliime  of  oil    Specific     Viscosity    Percent  Benzene 
c.c.  Gravity 


^ 

A 

25 

.7942 

.0125 

14 

B 

28 

.8048 

.0104 

21.2 

0 

70 

.8105 

.0094 

31.2 

D 

140 

.8100 

.0094 

27.6 

E 

172 

.8100 

.0094 

32 

P 
Orig. 

.Vol 

144 
579 

.875 

.8093 

.0095 

27.6 

Series  6 


75^  oil     -  .792  )   spec.  grav.   .8083 

25j2  benzene   .8775)       Level  of  oil  -  27  cms. 


Grade    Voliome  of  oil    Specific     Viscosity    Percent  Benzene 
c.c.  Gravity 


22  .7995  .0106  17.5 

S2  ■  .8055  .0099  24.4 


0 

82 

.8052 

.0100 

24 

D 

155 

.8085 

.0093 

28.8 

E 

190 

.8085 

.0093 

31.2 

P 



93 
574 

.8063 

.0096 

28.8 

Grig. 

Vol. 

923 

* 

TT)  In  Series  S,  8,  9,  and  10  the  specific  gravity  of  the  refined 

oil  is  .794.   Since  the  quantity  of  oil  of  specific  gravity  .792 
was  not  sufficient  for  all  the  Series,  a  second  quantity  was 
prepared  v/hich  had  the  specific  gravity  .794.   This  oil  was  used 
in  the  above  mentioned  series. 
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Series  7 


59.5^  oil     -  .792  )   spec.  grav.  .8223 

40.5^  benzene   .8775;       Level  of  oil  -  9  cms, 


Grade 

Vol\ame  of 
c.c. 

oil 

Specific 
Gravity 

Viscosity 

Percent  Benzene 

A^ 

9 

— 

— 

— 

B 

15 

.8069 

— 

14 

0 

48 

.816 

.0103 

22.4 

D 

96 

.8182 

.0086 

31.2 

E 

160 

.820 

.0082 

31.6 

P 

255 

.8185 

.0083 

29.6 

Orig. 

Vol 

583 
.  922 

Series  8 

50^  oil 
50^  benzene 

.794  (   SDec. 
.8775) 

grav.   .8295 
Level  of  oil  - 

17  cms. 

Grade 

Voliiffie  of 
c.c. 

oil 

Specific 
Gravity 

Viscosity 

Percent  Benzene 

A 

22 

.8122 

— 

24.5 

B 

32 

,819 

— 

28.4 

0 

78 

.8287 

.0077 

44.8 

D 

111 

.8275 

.0077 

47.6 

E 

155 

.827 

.0077 

39.2 

P 

192 

.8256 

.0079 

36.4 

Orig. 

Vol 

590 
..   960 

(1)  In  series  7,  the  volume  of  Grade  A  recovered  was  so  small  that 
no  measurements  could  be  made. 
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Series  9 


50$!^  oil    -   .794  )   spec.  grav.  .8315 

50^  benzene    .8775)       Level  of  oil  -  18  cms, 


Grade    Volume  of  oil    Specific     Viacosity    Percent  Benzene 
c.c.  Gravity 


A 

18 

B 

24 

C 

76 

D 

136 

E 

174 

F 

144 

572 

Orig. 

Vol. 

923 

.816 

.0091 

26 

.8210 

.0085 

34.5 

.8275 

.0078 

47.6 

.8283 

.0077 

50 

.8293 

.0076 

49.2 

.8277 

.0078 

40 

Series  10 


50^  oil 

50^  benzene 


.794  )   spec.  grav.  .8295 

.8775)       Level  of  oil  -  16  cms 


Girade 


Volume  of  oil 
c.c. 


31 

45 

85 

140 

175 

137 


613 
Orig.  Vol.  972 


Specific    Viscosity 
Gravity 


.8135 
,8251 
.8290 
.8280 
,8285 
.8272 


.0097 
.0081 
.0076 
.0077 
.0076 
.0076 


Percent  Benzene 


31.6 
43.6 
46.4 
47.6 
49.6 
50 
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Series  H 


75^  Crude  Oil  -  .810  )   spec.  grav.   .8312 
25fc   Benzene    -  .8775)       Level  of  oil  - 


18  cms. 


Grade 

Volvune 
c.c. 

of 

oil 

Specific 
Gravity 

Viscosity 

Percent  Benzene 

A 

12 

.8255 

.  0445 

1 

B 

22 

.8268 

.0423 

— 

C 

52 

.8280 

.0300 

— 

D 

76 

.8290 

.0298 

-» 

E 

140 

.8300 

.0263 

— 

F 

Orig. 

186 

488 

Vol.  890 

.8320 

.0276 

~"* 

Seriee 

Benzene 

alone 

.8775 

Level  of  oil 

-  33  cms. 

Grade 

Volume 
c.c. 

of 

oil 

Specific 
Gravity 

Viscosity 

Percent  Benzene 

16 


.8765 


15 


.877 


68 


.878 


,0066 


128 


.8778 


,0066 


157 
89 


473 
Orig.  Vol.   888 


,8775 
,8771 


,0066 
,0066 


(1)  The  percentages  of  benzene  in  Series  11,  in  which  crude  oil  was 
employed,  are  also  not  recorded,  because,  owing  to  the  formation 
of  heavy  black  emulsions,  the  loss  in  volume  could  not  be  deter- 
mined with  any  degree  of  accuracy. 


Tine  follovjing  curve  expres;:>es  diagranmatically  the  results 
of  the  preceding  experiments  in  toto.  The  ordinates  represent 
the  percentages  of  benzene;  the  abscissas,  the  various  mixturej 
of  paraffin  oil  and  .benzene  that  were  fractionated. 


cjo'^,^     Oil  ^^7o     °''  P'?c     0.1  6-0'foO<l 


rli-KiurcA     t  -ra  cfioncitc/ . 
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An  examination  of  these  figures  ahows  conclusively 
that  benzene  tends  to  collect  in  the  'lower  portions  of  the  tube. 
The  specific  gravities  and  viscosities  confirm  the  results  ob- 
tained by  determining  the  percentages  of  benzene  present  by 
.removing  the  benzene  with" concentrated  sulphuric  acid.   The 
specific  gravities  of  Grades  F  to  C  run  very  close  together, 
and  are  all  much  greater  than  those  of  Grades  A  and  B.   Since 
benzene  possesses  a  high  specific  gravity,  in  this  work  the 
specimen  had  a  specific  gravity  of  .8775,  the  larger  value 
for  the  lower  Grades  indicates  the  presence  of  larger  amounts 
of  benzene.   The  specific  gravity  of  the  paraffin  oil  was  only 
.792,  showing  that  the  higher  specific  gravities  were  due  to 
larger  percentages  of  benzene.   Further,  since  the  viscosity 
of  the  benzene  used  was  .0066,  and  that  of  the  paraffin  oil 
about  .0150,  the  viscosities  of  those  fractions  containing 
higher  percentages  of  benzene  should  be  expected  to  be 
much  smaller  than  those  containing  less  benzene.   Ttie  results 
show  that  the  viscosities  of  the  Grades  F  to  C  are  much  smaller 
than  those  of  A  and  B. 

It  will  be  observed  that  the  maximum  in  specific 
gravity  is  reached  not  at  F,  as  may  be  expected  in  the  frac- 
tionation of  the  crude  oil,  but  between  C  and  D.   Between 
B  and  C,  there  is  a  marked  decrease.   This  sudden  break  is 
foxmd  also  in  the  viscosities,  and  in  the  percentages  of  benzene. 
While  the  sharp  breaks  in  the  curves  represent  the  marked  change 
in  the  proportion  of  benzene  and  the  height  to  which  it  rises 
in  the  tube,  no  satisfactory  explanation  has  yet  been  obtained 
as  to  why  it  should  occur  at  these  points.   This  action  will 
be  studied  more  carefully  later. 
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In  order  to  determine  the  degree  of  exactness  of  th© 
percentages  of  benzene  obtained,  known  amounts  of  benzene  v/ere 
added  to  the  oil  until  the  specific  gravity  corresponded  closely 
to  that  obtained  by  fractionation.   The  amount  of  benzene  thus 
added,  and  the  amoiint  actually  removed  by  the  acid  agree  very 
closely,  as  the  following  results  show: 

Am't  of  benzene  Spec.     Am't  of  benzene  found      Spec 

in  25  CCS.  of  mixture    Grav.     in  the  Grades  of  Series  8   Gra' 

c.c.  c.c. 

7.3  .8143  Grade  A  -  7.9  .8135 

9.4  .8213  "  B  -10.9  .8251 
11.1  .8274  "  F  -12.5  .8272 
11.3  .8287  "  E  -12.4  .8287 
11.9  .8293  "    0  -11.6  .8290 


The  variations  in  the  specific  gravities  of  the  mixtures 
and  those  of  the  Grade  A  -  P  are  due  to  the  fact  that  in  the  latter 
series  some  fractionation  had  taken  place,  and  therefore  the  paraffin 
oils  mixed  with  the  benzene  were  not  identical  with  those  mixed  v/ith 
the  benzene  in  the  series  of  prepared  mixtures, as  the  paraffin  oil 
used  v/as  not  an  individual  substance  but  a  mixture. 


(  39  ) 

THE   FRACTIOKATION   OF   CRUDE 
PETROLEUM. 

The  petroleum  employed  for  the  fractionation  was  an 
oil  obtained  from  Crawford  County,  Illinois,  from  the  E.  E. 
Newlin  farm,  two  and  one  half  miles  v^est  of  Robinson.   The 
oil  was  dark  bcovm  in  color,  and  possessed  a  specific  gravity 
of  .8375. 

The  fractionation  of  the  oil  was  effected  by  upward 
diffusion  through  tubes  packed  with  fuller's  earth.   In  order 
to  shorten  the  time  required  for  the  oil  to  diffuse  by  capillari- 
ty to  the  upper  parts  of  the  tube,  the  fine  interstices  and  pores 
of  the  earth  were  evacuated  by  applying  diminished  pressure  at 
the  top  of  the  tube.   By  this  aid,  the  time  required  for  the 
oil  to  reach  the  top  of  a  tube  was  reduced  from  several  weeks 
to  one  or  two  days. 

The  apparatus  employed  is  the  same  as  that  described 
on  page  /</  . 

The  tin  tubes,  five  and  one  half  feet  in  length,  and 
one  and  one  quarter  inches  in  diameter,  were  packed  as  uniformly 
as  possible  by  introducing  definite  amounts  of  earth,  and  ramming 
solidly  with  rods  tipped  with  rubber  stoppers.   The  degree  of 
compactness  depended  upon  the  kind  of  oil  to  be  used.   For  the 
crude  oil,  about  one  and  one  half  feet  of  the  tube  was  filled 
at  a  time,  and  the  earth  packed  as  firmly  as  possible;  for  the 
lighter  oils,  one  foot  of  the  tube  was  filled  at  a  time;  for 
the  oils  heavier  than  the  crude,  between  two  and  three  feetof 
the  tube  were  filled  at  one  time. 


(.   <i:U  J 


The  tubes  were  then  placed  individually  in  reservoira 
containing  950  cubic  centimetors  of  the  crude  oil,  after  which 
diminished  pressure  was  applied  at  the  top  of  the  tubes.   The 
oil  rose  rapidly  at  first,  then  diffused  more  and  more  slowly 
as  the  tops  of  the  tubes  were  approached.   When  the  oil  in  the 
reservoirs  was  completely  exhausted,  the  tubes  were   disconnected 
from  the  branched  glass  tube  F  (eee  diagram  on  page  15),  and  the 
oil-laden  earth  shaken  into  two  breakable  cylinders.   For  the 
various  fractions,  Lhe  following  divisions  of  the  earth  were 
made:   Fraction  A  constituted  the  first  10  centimeters,  measured 
downward  from  the  level  to  which  the  oil  had  ascended;  Fraction  B, 
the  next  15  centimeters;  C,  20  centimeters;  D,  30  centimeters;  E, 
35  centimeters;  and  F,  the  remainder  to  the  bottom  of  the  tube. 
In  the  first  fractionation  up  to  lot  28,  Fraction  F  was  discarded; 
from  lot  28  to  the  end  of  the  first  fractionation,  E  and  F  were 
collected  together. 

After  thus  dividing  the  earth,  the  various  portions 
were  placed  in  separate  receptacles,  and  treated  with  water. 
After  each  addition  of  water,  the  two  were  thoroughly  mixed. 
The  earth,  when  the  oil  first  appears,  is  granular;  as  more 
water  is  added,  liberating  m.ore  oil,  the  earth  becomes  muddy,  and 
when  as  much  oil  as  possible  has  been  expelled  by  the  water,  the 
earth  has  the  consistency  of  glue. 

The  portions  of  oil  liberated  by  successive  additions 
of  water  were  ooi:iected  separately.   As  Gilpin  and  Cram  pointed 
out,  the  oil  that  is  first  expelled,  if  not  very  small  in  volume 
as  compared  with  the  oils  succeeding,  possesses  a  lower  specific 


(1)  Amer.  Chem,  Jour.  Vol^Dep,, 1908, 
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gravity  than  the  oil  liberated  by  further  additions  of  water;  the 

latter,  in  turn  is  lighter  than  the  next  succeeding  oil;   The  oil 

that  is  liberated  last,  therefore,  possesses  a  higher  specific 

gravity  than  any  of  the  oils  preceeding  it.   Sometimes,  however, 

the  specific  gravity  remains  constant  after  the  second  or  third 

extraction.   This  fractionation  by  means  of  water  was  combined 

with  the  fractionation  effected  by  the  fuller's  earth.   In  the 

1  2 

tables  that  follow,  A  ,  is  the  oil  first  liberated,  A  ,  the  oil 

next  liberated;  in  the  lower  Fractions,  i.e.p,  D,  and  E,  three 

and  sometimes  four  extractions  were  made  before  all  the  oil 

that  could  possibly  be  liberated  by  water  was  recovered. 

The  specific  gravity  of  the  oils  was  determined  by 

means  of  the  Mohr-Westphal  balance.   As  mentioned  before,  the 

fourth  decimal  is  not  to  be  considered  as  rigidly  accurate,  but 

it  gives  a  closer  approximation  to  the  truth  than  if  it  were 

entirely  discarded.   The  temperature  at  which  the  specific 

gravity  was  measured  was  exactly  20  C. 

The  results  obtained  in  the  fractionation  of  the 
crude  petroleum  are  expressed  in  the  following  table  : 


Lot 


I  42  ) 
TABLE  —_^^    FIRJT  FRAGT I  ORATIOS_. 

2  3 


No,  of 
tubes 

15 

Hours 
req. 

23 — 

14 

1 

tubes 
It 

Frao. 

Speo. 
Grav. 

Vol. 
o.c. 

1 
A 

.8250 

312 

2 
A 

.8287 

90 

16 


Spec.   Vol. 
Grav.   CO, 


.8285   73 
.8310    59 


10 


17-8  tubes   45-2  tuboj 


Speo.   Vol.    Spec.  Vol, 
Grav.    0.0.    Brav.  c.o, 


.8223    138     .8233   50 


.8270     54 


.8367 


485 


.8370   218 


8372    258 


,8392 


250 


.8408    78 


.8400 


200 


.8413  828  .8440  272 
,8460  228  .8442  136 
,8488      126 


.8442  290  .8505  120 
.8455  235  .8535  65 
.8430    148 


E 
3 


.8470 

1014 

.8495 

375 

.8514 

200 

.8555 

172 

.8527 

720 

.8540 

430 

.8570 

400 

.8430  313 

.8464  150 

.8500  112 

.8475  285 

.8509  135 

.8540  118 


.8488  538  .8546  235 
.8500  295  .8619  30 
.8540    115 


.8537 

380 

.8550 

245 

.8580 

170 

In  lots  1  to  5,  1000  c.c's  of  crude  oil  were  supplied  to  each  tube 

(2)  Chapman  pump  was  run  day  and  night.   Manometer  indicated  presaurea 
ranging  from  30  to  80  millimeters. 


Lot 


(  4?.  ) 


No.  of 
tubes 

10 

Hours 

16 

req. 

Frac. 

Spec. 

Vol 

Grav. 

CO 

17 —  7  tubes 
24 —  1    " 


Spec.    Vol. 
Grav.    c.c. 


10 


(i; 


17-1  tube 
40-  3 
96-  1 


(2) 


Spec. 
Grav. 


17-3  tube 
40-  1    " 
150-  1    " 


Vol.     Spec.    Vol. 
c.c.     Grav.    c.c. 


,8295    170      .8313    130 
,8315    100      .8357     56 


.8320    72       .8287 
.8352   22 


85 


,8375 
,8413 


327 
250 


,8392   358 
.8453     92 


.8405   184       .8390    134 
.8451   124       .8485     35 


.8418  505  .8419  425 
.8442  223  .8439  138 
.8495     74      .8465    130 


,8443   270       .8441    218 
,8495   147       .8507     67 


,8449  495  .8454  640 
,8455  328  .8500  167 
.8490    260      .8509    195 


.8483   368 
.8517   210 


.  8450 
.8490 


302 
132 


E 

3 
E 

TIT 


.8500  545 
.8510  295 
.8567    170 


.8495  575 
.8513  185 
.8555    130 


.8500   360 
.8569   185 


.8537 

.8564 


215 
174 


Beginning  with  lot  6,  950  c.c's  of  crude  oil  were  supplied  to 
tube. 

(2)  The  pressure  in  the  tubes  was  diminished  intermittently. 

(3)  See  page  18. 

(4)  See  page  18. 


each 


2c»S.^ 


(  44  ; 


Lot 


No.  of 
tubes 

9 

10 

10 

Hours 
req. 

20-  7 

tubes 

20-  1  l 
24-  1 

,ube 
n 

19- 

22" 

—  8  tubes 

-  2    " 

24 —  2  tabes 
40 —  8  tubes 

Frac. 

Spec. 
Grav. 

Vol. 

CO. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

1 
A 

2 
A 

.8325 
.8356 

66 
30 

.8175 

45 

.8364 
.8365 

88 
64 

.8215 
.8234 

145 
90 

1 
B 

2 
B 

3 
B 

.8395 
.8418 

164 
140 

.8333 

110 

.8400 
.8420 

215 
240 

.8330 
.8350 

397 
155 

— 

— 

— 

— 

— 

— 

.8400 

87 

1 
0 

2 
0 

3 
C 

.8408 
.8468 

475 
123 

.8417 

.8500 

132 
22 

.  8445 
.8467 
.8495 

368 
225 

82 

.8415 
.8436 
.8480 

350 
255 

1 
D 

2 
D 

3 
D 

.8449 
.8487 

500 
270 

.8438 
.8498 

110 
106 

.8465 
.8478 

460 
260 

.8485 
.8495 

507 
280 

~ 

~ 

— 

— 

.8500 

260 

.8545 

247 

1 
E 

2 
E 

3 
E 

.8500 
.8524 

483 
318 

.8533 

228 

.8490 
.8495 
.8521 

450 
354 

233 

.8548 
.8550 
.8580 

313 
275 
375 

(l)  Several  cubic  centimeters  of  this  fraction  were  mixed,  accidentally, 
with  fraction  E. 


Lot 


10 


[   45    ; 
11 


12 


13 


No.  of 
tubes 

8 

10 

9 

10 

Houra 
req. 

17 

17 

42 

24—  8  tube  a 
40—  2 

Prao. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

1 
A 

2 
A 

.8273 
.8288 

130 
75 

.8258 
.8318 

215 
70 

.8325 
.8345 

125 
87 

.8323 
.8352 

122 
96 

1 
B 

2 
B 

.8395 
.3418 

220 
160 

.8370 
.8480 

340 
180 

.8430 
.8467 

235 
120 

.8438 
.8470 

245 
180 

1 
0 

2 
0 

3 
C 

.8423 
.8440 

240 
195 

.8422 
.8450 

488 
205 

.8470 
.8487 

278 
288 

.8464 
.8505 

317 
235 

.8500 

150 

~ 

— 

— 

— 

— 

1 
D 

2 
D 

3 
D 

.6460 
.8475 

410 
210 

.8465 
.8490 

565 
310 

.8495 
.8522 

452 
305 

.8500 
.8492 

ai2 

375 

.8500 

348 

.8530 

187 

~ 

— 

.8518 

150 

1 
E 

2 
E 

3 
E 

.8532 
.8535 
.8550 

320 
282 
215 

.8510 
.8520 
.8533 

297 
405 
155 

.8505 
.8533 

475 
490 

.8505 
.8489 
.8518 

450 
395 
180 

(  46  ) 


Lot 


14 


15 


16 


No.  of 
tube  a 

5 

Hours 
req. 

24 

Frac . 

Speo.   Vol, 
Grav.    c.c, 

1 
A 

.8355     132 

26-  3  tubes    26-  3  tubei 


Spec.    Vol.     Spec.   Vol. 
Grav.    c.c.      Grav.   c.c. 


.8381 


60 


.8305   73 


15 


40-11  tabes 
34-  4   " 


Spec.    Vol. 
Grav.    c.c, 


.8370    200 
.8357    108 


,8470     236 


.8487 


94 


.8452   143 


.8449    490 
.8445    226 


,8565 
,8560 


98 
150 


,8430 
.8480 


110 
57 


,8465   138 
.8509    88 


,8475  635 
,8509  235 
,8562     90 


.8523 

.8550 


170 
205 


,8475 
,8517 


212 
104 


,8505   158 
,8522   178 


,8540  825 
,8530  495 
.8575    150 


,8540     150 
,8532     325 


.8467 
.8502 


184 
152 


8561   192 
,8585   140 


.8538  775 
.8562  620 
.8595    205 


(l)  lihen   the  pressure  in  the  tubes  was  diminished,  the  oil  rose 
rapidly,  and  in  a  short  time,  the  reservoirs  were  nearly 
two  thirds  exhausted.   The  pump  was  stopped,  and  the  remainder 
of  the  oil  allowed  to  diffuse  during  the  night  under  normal 
pressure. 
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Lot 

17 

18 

19 

20 

No.  of 
tubes 

9 

8 

10 

10 

Hours 
req. 

40 

24- 
48- 
64- 

5  tubes 

2 

1    " 

40- 
64- 

8  tubes 
2    " 

20-3 
30-4 

tubes' 

Frac. 

Spec. 
Grav. 

Vol. 

CO. 

Speo. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.  c. 

Spec. 
Grav. 

Vol. 
c.c. 

A 

.8258 

225 

.8322 

112 

.8320 

146 

.8281 

236 

B 

.8432 

452 

.8435 

335 

.8438 

385 

.8413 

518 

1 
0 

.8480 

450 

.8495 

250 

.8480 

300 

.8450 

350 

2 

C 

.8488 

168 

.8500 

250 

.8472 

315 

.8495 

300 

1 
D 

.8530 

520 

.8530 

320 

.8509 

422 

.8508 

S25 

2 
D 

.8550 

350 

.8540 

350 

.8535 

355 

.8538 

460 

1 

E 

.8585 

385 

.8547 

(1) 
90 

.8492 

580 

.8513 

445 

2 

E 

.8598 

460 

.8526 

640 

.8560 

415 

.8540 

550 

(1)  This  irregularity,  i.e,  the  liberation  of  oil  with  a  specific 
gravity  higher  than  those  of  the  oils  immediately  following, 
is  observed  when  an  amount  of  water  is  added  sufficient  to 
replace  a  very  small  amoiont  of  oil  for  the  first  fraction. 


(  43  ) 


Lot 


22 


23 


24 


No.  of       10 
tubes 

(1) 
Hours      24-  6  tubes 

req.      40-  2    " 

64-  2 

Frac.     Spec.    Vol. 
Grav.    c.c, 


10 


40-  6  tubes 
64-  4   " 


Spec.    Vol. 
Grav,    c.c. 


10 


48-5  tube 
72-  5    " 


Spec.   Vol. 
Grav.   c.c. 


10 


40-4  tabes. 
54-6    " 


Spec.    Vol. 
Grav.    c.c, 


.8275     245 


,8410     615 


.8452    520 


.8488     226 


.8281  210 

,8405  508 

,8459  265 

,8472  410 


,8241    330 


.8250    287 


.8395    615     .8408    535 


, 8443    420 


,8470    305 


,8433    475 


,8505    186 


.8512     533 


.8535     415 


,8505     435 
,8523     450 


,8533    400 


J540    52  J 


,8541    465     .8540    350 


.8557     375 


115     385 


,8650    305     .8623    393 


8625     282 


,8585     365 


,8624    350 


,8645    335 


(1)  Pressure  in  the  tubes  diminished  intermittently. 


(  49  ) 


Lot 


25 


26 


27 


28 


No.  of 
tu-oes 

9 

10 

10 

Hours 
req. 

48- 
72- 

8 

1 

tubes 
It 

17- 
24- 
41- 

2 
4 
4 

bube  3 

n 
It 

17-  4 
29-  6 

tub€ 
It 

Frao. 

Spec. 
Grav. 

Vol. 

CO. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

A 

.8270 

225 

.8284 

315 

.8312 

230 

B 

.8425 

410 

.8422 

550 

.8440 

470 

1 
0 

.8495 

A'' 

.8473 

520 

.8460 

400 

2 
0 

.8492 

250 

.8508 

178 

.8478 

232 

1 
D 

.8509 

320 

.8515 

600 

.8482 

435 

2 
D 

.8510 

480 

.8540 

230 

.8500 

420 

1 
E 

.8556 

335 

.8559 

490 

.8520 

465 

2 

E 

.8570 

395 

.8583 

135 

.8565 

335 

10 


28-3 


(1)  Pressure  in  the  tubes^diminished  intermittently. 

was 

(2)  Some  oil  of  this  f raction^lost. 

(3)  Beginning  with  lot  28,  fractions  E  and  P  were  collected  together. 


(  50  ) 


Lot 


29 


30 


31 


32 


No.  of        10 
tubes 


15 


10 


15 


(1) 


Hours 

18-  5 

tubes 

20-  7 

tubes 

44- 

4  tubes 

req. 

40-  5 

n 

41-  6 
63-  2 

n 
n 

89- 

6    " 

Frac. 

Spec. 

Vol. 

Spec. 

Vol. 

Spec. 

Vol. 

Grav. 

CO. 

Grav. 

c.c. 

Grav. 

c.c. 

A 

.8262 

300 

.8348 

335 

.8292 

245 

B 

.8395 

505 

.3468 

630 

.8439 

576 

1 

0 

.8463 

390 

.8490 

560 

.8495 

465 

2 

0 

.8438 

270 

.8505 

277 

.8523 

205 

1 

D 

.8520 

510 

.8485 

750 

.8517 

670 

2 

D 

.  8543 

290 

.8502 

540 

.8552 

210 

1 

EP 

.8550 

417 

.8520 

1125 

.8555 

805 

2 

EF 

.8559 

645 
3327 

.8528 

880 
5097  ■ 

.8610 

360 
353"6- 

(l)  Pressure  in  tubes  diminished  intermittently. 


(  51  ) 


Lot 

33 

34 

35 

No.  of 
tubes 

10 

10 

9 

(1) 
Hours 
req. 

41- 
65- 
89- 

,  4 
.  4 
■  2 

tubes 
II 

44- 

68- 

.  6 
.  4 

tubes 
II 

48-  6 
72-  3 

tubes 

n 

Frao. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

¥ol. 

c.c. 

A 

.8330 

290 

.8355 

320 

.8380 

235 

1 
B 

.8440 

365 

.8475 

525 

.8460 

452 

2 
B 

.8462 

165 

,8502 


.8540 


,8555 


.8562 


500 


160 


655 


250 


,8508 


.8543 


,8575 


,8585 


470 

.8508 

345 

190 

.8525 

245 

530 

.8549 

580 

325 

.8573 

335 

.8575 

.8585 


735 


480 
3600 


,8535 


,8555 


895 


405 
3660 


,8557     645 


.8570     492 
3329 


(l)  Pressure  in  tube s^ diminished  intermittently, 


(  52  ) 

OBSERVATIONS  ON  THE  FIRST  FRACTIONATION. 


Spoclf ic  Gravit 


The    range  of  the  specific  gravity  extended  from 
1 
.8175,  the  value  of  Fraction  A  of  Lot  7,  to  .8650,  the 

1  . 
value  of  Fraction  E  of  Lot  13.   The  value  of  the  crude  oil 

itself  was  .8375.   The  limits  of  the  specific  gravities  of 

the  indivual  lots  averaged  from  .820  to  .860.   The  specific 

gravity  decreases  gradually  from  S  to  B,  but  between  B  and  A, 

the  decrease,  in  most  of  the  lots,  is  much  greater  than  between 

any  two  consecutive  lower  fractions.   This  marked  change  was 

also  observed  in  the  study  of  the  diffusion  of  Benzene  in 

solution.   A  detailed  investigation  into  the  cause  of  this 

sudden  divergence  will  be  undertaken  in  the  near  future. 

Color. 

The  color  of  the  fractions  obtained  extended  from 
green  to  black.   The  lighter  oils  possessed  a  beautiful  green 
fluorescent  color,  which  shaded  gradually  to  brown,  and  then 
to  the  deep  black  of  the  heavier  oils. 
Odor. 

The  pleasant  odor  of  the  crude  petroleum  disappeared 
almost  entirely  in  the  oils  of  Fraction  A  and  B;  but  the  other 
fractions  still  possessed  to  a  greater  or  less  extent  the  odor 
of  the  natural  oil. 
The  Volume  of  Oil  Retained  by  the  Fuller's  Earth. 

The  amount  of  oil  retained  by  the  earth  averaged 
about  55^  of  the  amount  supplied.   In  the  first  fractionation 
of  the  crude  Pennsylvania  oil,  specific  gravity  .810,  Gilpin 
and  Cram  found  that  approximately  4:0fo   of  the  oil  was  retained 


[   53  ; 

by  the  earth.   It  is  evident,  therefore,  that  the  amount  of 

oil  remaining  in  the  earth  depends  chiefly  upon  the  character 

of  the  oil.   The  Pennsylvania  petroleum  contains  a  much  smaller 

percentage  of  unsaturated  hydrocarbons,  sulphur,  and  asphaltic 

substances  than  the  Illinois  oil  employed  in  this  investigation. 

some 
Since  the  fuller's  earth,  as  will  be  shown  later,  readily  removes  ^/J" 

the^e  substances  in  the  process  of  fractionation,  the  large 

percentage  of  Illinois  oil  retained  by  the  earth  is  thus 

clearly  explained.   It  is  safe  to  conclude  that  if  the  heavy 

Texas  or  California  oil  were  allowed  to  diffuse  through  fuller's 

earth,  the  amoxint  of  oil  retained  would  exceed  the  amounts  of 

either  of  the  above  mentioned  oils  lost  in  the  earth, 

SECOND  FRACTION AT I OK. 
The  products  obtained  from  the  first  fractionation  were 
united  according  to  the  following  arrangement: 


Lot 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 


Specific  Gravity 

.8293 
.8390 
,8433 
.8453 
.8490 


Specific  Gravity  of  the 
Oils  United. 

.8250  ——    .8350 

.8350  .8400 

.8400  .8450 

.8400  .8450 

.8450  .8500 


,8543 


.8500  .8300 


(  54  ) 


Lot 

Specific  Gr 

■avj 

-ty 

Specific  Gravity  of  the 
Oils  United. 

46 

.8543 

.8500  .8600 

47 

n 

II          II 

48 

It 

It            n 

49 

It 

It            It 

50 

M 

It            It 

The  oils  thus  combined  were  subjected  to  chilling 
and  filtration  for  the  purpose  of  removing  as  much  dissolved 
paraffin  as  possible.   The  procedure  was  as  follows:  the  oils 
were  first  chilled  at  temperatures  ranging  from  0  to  10  G,  and 
then  filtered  through  plaited  filter  papers.   When  the  oil 
ceased  to  drip  from  the  funnel,  the  residue  upon  the  filter 
paper  was  placed  in  a  larger  filter  press,  and  the  remaining 
oil  separated  by  pressTire  from  the  paraffin.   The  filter  press 
was  simple  in  construction.   A  piston,  fitted  closely  in  an 
iron  cylinder,  was  gradually  forced  down  upon  the  oil-laden 
paraffin  which  rested  upon  a  membrane  of  cotton  duck,  fastened 
between  perforated  tin  supports.   The  retained  oil  was  forced 
through  the  membrane,  and  was  collected  from  the  outlet  below. 
The  lighter  oils  deposited  very  little  paraffin;  from  the 
heavier  ones  somewhat  more  paraffin  was  separated.   Owing  to 
the  high  viscosity  of  the  heavier  oils,  the  filtration  proceeded 
very  slowly.   Since  too  much  time  was  consumed  in  this  process, 
the  paraffin  of  some  of  the  oils  of  Fraction  E  was  not  removed. 
A  slight  change  in  specific  gtavity  occurred  in  the  oils  from 
which  the  paraffin  was  removed. 
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The  final  specific  gravities  of  the  united  oils  were 
as  follows: 


Lot 

Specific  Gravity 

36 

.8305 

37 

.8415 

38 

.8433 

39 

.8455 

40 

.8515 

41 

.8515 

42 

.8515 

43 

.8540 

44 

.8543 

45 

.8543 

46 

.8543 

47 

.8543 

48 

.8543 

49 

.8557 

50 

.8557 

Paraffin  was  removed. 


Paraffin  was  not  removed, 
Paraffin  was  removed. 


Paraffin  was  not  removed. 


Paraffin  was  removed. 


When  these  oils  were  again  allowed  to  diffuse  upward 
through  fuller's  earth,  the  follovang  fractionation  was  obtain; 


(  56  ) 
TABLE  5  —   SECOND   FRACTIONATION. 


Lot 

36 

37 

36 

! 

39 

Spec. 
Grav. 

.8305 

.8415 

.8432 

[2) 

.8455 

(1) 

No.  of 
tubes 

5 

4 

8 

8 

(3) 
Hours 
req. 

44-  3 

48-  2 

tubes 
n 

51 

48- 
64- 

7  tubes 
1   '• 

29-4 
45-3 
64-1 

tube  a 
ft 

Frac. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 

CO. 

A 

.8272 

160 

.8290 

135 

.8331 

180 

.8290 

255 

1 
B 

2 
B 

.8315 

216 

.8421 

215 

.8447 

175 

.8432 

355 

.8331 

58 

— 

— 

.8455 

210 

.8458 

110 

1 
C 

2 
0 

.8334 

350 

.8467 

295 

.8490 

305 

.8492 

455 

.8355 

85 

— 

— 

.8505 

175 

.8513 

180 

1 
D 

2 
D 

.8330 

360 

.8468 

340 

.8492 

400 

.8505 

740 

.8339 

320 

.  8485 

152 

.8509 

295 

.8527 

275 

1 
EF 

2 
EF 

.8347 

720 

.8480 

535 

.8508 

710 

.8546 

1156 

.8356 

320 
2589 

.8489 

215 
1887 

.8518 

355 
^86" 

.8560 

350 
2805 

(1)  Paraffin  was  removed  from  the  oil. 

(2)  Paraffin  was  not  removed  from  the  oil. 

(3)  In  this  series,  as  well  as  those  following,  the  pressure  in  the 
tubes  was  diminished  intermittently. 
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Lot 


40 


41 


42 


43 


Spec. 
Grav. 

.8515 

.8515 

.8515 

.8540 

No.  of 
tubes 

9 

5 

5 

4 

Hours 
req. 

48-  5 

72-  4 

tubes 
n 

40 

69 

10  day8-2 
17   "   -2 

tube 

Frac. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.  c. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.  c. 

A 

.8505 

380 

.8316 

235 

.8325 

210 

.8435 

65 

1 
B 

.8438 

515 

.8460 

290 

.8487 

265 

.8546 

115 

2 
B 

.8453 

155 

.8480 

65 

.8515 

54 

~ 

— 

1 
C 

.8518 

600 

.8523 

375 

.8540 

335 

.8575 

200 

2 
0 

.8539 

170 

.8540 

100 

.8567 

56 

.  — 

— 

1 
D 

.8550 

685 

.8558 

470 

.8572 

420 

.8605 

220 

2 
D 

.8560 

330 

.8571 

110 

.8582 

175 

.8640 

50 

1 
EP 

.8605 

780 

.8620 

580 

.8640 

575 

.8650 

225 

2 

EP 

.8620 

600 

.8622 

320 

.8650 

200 

.8615 

78 

4215 

2545 

2420 

953 

^  fb  ) 


Lot 


44 


45 


(1) 


Spec. 
Grav. 

.8543 

.8543 

No.  of 
tubes 

5 

5 

Hours 
req. 

48-  2  tubes 
96-  1    " 

66 

Frac. 

Spec.    Vol. 
Grav.    c.c. 

Spec.    Vol 
Grav.    c.c 

A 

.8530     85 

.8362     17( 

46        47 

.8543      .8543 


93 


Spec.   Vol, 
Grav.   c.c. 


.8505     175 


.8510    210 


,8480    260     .8500   275 


.8522     80      .8505    50 


,8582     155 


S605     65 


.8562     265      .8554    300     .8553   320 
.8585      50      .8567     95     .8576    50 


,8605 


195 


8567 


425 


8600    370 


.8620 


120 


,8580 


100 


.8613    120 


.8618 


EF 


.8672 


240 


5859 


615 


,8666    610 


.8680 


175 


1210 


,8670     150 
2065 


.8680    130 
2145 


(1)  Paraffin  was  not  removed  from  the  oil. 

(g)  Owing  to  the  weakness  of  the  water  pressure,  the  pressure  in 
the  tubes  was  only  slightly  diminished.   The  tubes  were  taken 
down  before  the  reservoirs  were  completely  exhausted.   The 
distances  to  which  the  oil  had  risen  were  35,  25,  30,  20,  10 
centimeters  from  the  tops  of  the  tubes. 


(  oy  ) 


Lot 


48 


.(3) 


49 


(4) 


50 


(4) 


Spec. 
Grav. 

.8543 

.8557 

.8557 

No.  of 
tube  3 

5 

7 

5 

req. 

14  days 

48 

72-  4 
89-  1 

tubes 

Frac. 

Spec.      Vol. 
Grav.      c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol 
c.  c 

.8385 


125 


.8341 


255 


.8320 


170 


.8530 

275 

.8505 

395 

.8485 

230 

— 

~ 

.8520 

95 

.8500 

70 

.8568 

320 

.8560 

380 

.8555 

300 

.8586 

90 

.8572 

230 

.8577 

100 

.8610 

325 

.8620 

500 

.8609 

480 

.8623 

115 

.8625 

290 

.8626 

125 

EP 


.8695 


330 


.8705 


500 


.8685 


640 


EF 


8700 


80 


1660 


(2) 


,8705 


580 
3225 


.8700      255 
2350 


XT)    Owing  to  the  weakness  of  the  water  pressure,  the  pressure  in 
the  tubes  was  diminished  but  slightly  during  this  time. 

(2)  The  tubes  were  taken  down  before  the  reservoirs  were  completely 
exhausted.   The  distances  to  which  the  oil  had  risen  were  50,  35) 
30,  60,  55  centimeters  from  the  tops  of  the  tubes. 

(3)  Paraffin  was  not  removed  from  the  oil. 

(4)  Paraffin  was  removed  from  the  oil. 


OBSERVATIONS  ON  THE  SECOND  FRACTIONATION. 


Specific  Gravity. 

The  range  of  the  specific  gravities  grows  smaller 

as  the  oils  to  be  fractionated  become  lighter,  and  less 

complex.   Thus,  in  Lot  56,  the  range  of  specific  gravity 

extends  from  .8272,  the  value  of  Fraction  A,  to  .8356,  the 

2 
value  of  EF  ,  the  difference  between  them  being  .0084.   In 

Lot  SB,  the  mother  oil,  of  specific  gravity  .8453,  yielded 
fractions  whose  specific  gravities  ranged  from  .8331  to  .8518, 
amounting  to  a  difference  of  .0187.   This  fact  appears  to  be 
general  throughout  the  varioiijs  lots,  and  points  to  the  gradual 
formations  of  mixtures  which  will  pass  through  the  earth  un- 
altered, just  as  the  fractionation  by  distillation  tends  to 
produce  compounds  with  definite  boiling  points. 
Color. 

The  color  of  the  oils  in  this  fractionation  shaded 
from  a  very  light  yellow  to  greenish  black. 

Odor. 

The  odor  of  the  crude  petroleum  vanished  completely 
from  the  oils  of  this  fractionation. 

Volume  of  Oil  Retained  by  the  Earth. 

The  oil  retained  by  the  earth  in  this  fractionation 
amounted  to  approximately  50^,  a  smaller  percentage,  as  is 
natui-ally  to  be  expected,  than  in  the  fractionation  of  the 
crude  petroleum. 


(  61  ) 


THIRD  FRACTION  ATI  OIT. 


The  following  oils  obtained  from  the  second  fractionation 

were  united  for  the  third  fractionation: 
TABLPJ  6. 


Lot 

Frac. 

Specific  Gravity 

Volume  c.c. 

36 

A 

.8272 

160 

39 

A 

.8290 

255 

37 

A 

.8292 

135 

40 

A 

1 

.8305 

380 

36 

B 

.8315 

216 

ot  51 

^1 

A 

.8316 

235 

Sp.  gr..83l6 

50 

A 

.8320 

170 

42 

A 

.8325 

210 

44 

A 
2 

.8330 

85 

36 

B 

.8331 

58 

38 

A 

.8331 

180 

46 

A 

1 

.8332 

210 

36 

c 

.8334 

350 

49 

A 
1 

.8341 

255 
2899 

36 

D 
2 

.8330 

360 

36 

D 

.8339 

320 

ot  52 

47 

A 

.8540 

145 

Bp.  gr.  .8343 

1 

36 

EF 
2 

.8347 

720 

36 

EF 
2 

.8356 

320 

36 

C 

.8355 

85 
1950 

(  62  ) 


Lot 


Frac. 


Specific  Gravity 


Volume  c.c, 


Lot   53 
Sp.  gr..8433 


45 
48 
37 
39 
40 
38 
40 
38 
39 


.8362 
.8385 
.8421 
.8432 
.8438 
.8447 
.8453 
.8455 
.8458 


170 
125 
215 
355 
515 
175 
155 
210 
50 


1970 


2 

39 

B 

1 

.8458 

41 

B 

1 

.8460 

ot   54 

37 

C 

.8467 

2 

Sp.gr.  .8473 

41 

B 

1 

.8480 

50 

B 

1 

.8485 

42 

B 

1 

.8487 

39 

C 

1 

.8492 

38 

c 

.8490 

1 

37 

D 
2 

.8468 

ot   55 

37 

D 

.  8485 

1 

3p.gr.  .8485 

37 

EF 
2 

.8480 

37 

EF 
1 

.8489 

38 

D 

1 

.8492 

47 

B 

.8500 

60 
290 
295 

65 
230 
265 
455 
305 
1965 

340 
152 
535 
215 
400 


Lot      Prac.       Specific  Gravity      Volume  c. 

2 
50         B  .8500  70 

1 
49         B  .8505  395 

1 

44  B  .8505  175 

2 
Lot   58         46         B  .8505  50 

2 
Sp.ecr.  .8508    38         C  .8505  175 

1 

45  B  .8510  210 

39  C  .8513  180 

2 
42        B  .8515  54 

1 

40  G  .8518  600 

1909 


1 

39 

D 

1 

.8505 

740 

:.ot   57 

38 

EF 

.8508 

710 

2 

3p.gr. 

.8509 

38 

D 
2 

.8509 

295 

38 

EF 

.8518 

355 
2100 

2 
49         B  .8520  95 

2 

45  B  .8522  80 

1 

41  0  .8523  375 

1 

48  B  .8530  275 

2 
40         C  .8539  170 

1 
;iOt   53  42         0  .8540  335 

2 
Sp.gr.  .8558   41        C  .8540  100 

1 
47         C  .8553  320 

1 

46  C  .8554  300 

1 

49  C  .8560  380 

1 
45         C  .8562  265 

1 

50  C  .8565  300 

2 

42  C  .8567  56 

(Continued. ) 


(  64  ) 
Lot      Frac.       specific  Gravity      Volu-tie  c.c, 

2 
46        c  -3^567  95 


)t   53 

Dp.gr. 


1 

48       C 


39 
40 
41 
39 
40 


1 
49        SF 


43 


,8568  320 


,8558   49        /  .8572  230 

4-^       C  .8575  200 

3896 


1 

EF 

.8543 

1 

D 

.8550 

1 
D 

.8553 

2 

EF 

.8560 

2 
D 

.8560 

1 
D 

.8567 

2 

D 

.  857 1 

1 
D 

.8572 

2 
D 

.8580 

2 
D 

.8582 

2 
C 

.8586 

1 
D 

.8595 

42 
45 
42 
48 
47 


1 
46         D  .8600 


1 
D  .8605 


47         D  -8618 

2 
40    "^    EF 


1166 
685 
470 
350 
330 


91     ^  ^5         n  .8567  425 

Sp.gr.  .8563   ^^        ^--^  ^^..^^  110 


420 

100 

175 

90 

450 
4750 


370 
8605  780 


220 


^iSi   60         ^^         ^1  ^ggQ5  195 

Sp.gr.  .8615   ^^        ^1  ^gQQ^  480 

48        D  .8610  325 

46         D^  .8613  120 
2 


70 
8620  600 


(Continued. ) 


65  ) 


Lot 

Frao. 
1 

Specific  Gravity 

Volijme  c.c 

41 

EF 
2 

.8620 

580 

44 

D 

.8620 

120 

Lot   60 

49 

1 
D 

.8320 

500 

3p.gr.. 8315 

41 

2 

EF 
2 

.8622 

320 

48 

D 
o 

.8323 

115 

49 

D 
2 

.8625 

290 

50 

1 

.8626 

125 

42 

E 

.8640 

675 
5880 

2 

42 

EF 

1 

.8650 

200 

43 

EF 

.8650 

225 

45 

EF~ 
1 

.8659 

615 

47 

EF 
1 

.8665 

330 

Lot   31 

46 

EF 
2 

EF 
2 

.8666 

610 

Bp.gr.. 8680 

47 

.8670 

215 

45 

EF 
1 

.8670 

150 

44 

EF 
2 

.8672 

240 

46 

EF 
2 

.8680 

130 

44 

EF 
1 

.8680 

175 

50 

EF 
1 

.8685 

640 

48 

EF 
2 

.8695 

330 

50 

EF 

1 

.8700 

235 

49 

EF 
2 

.8705 

500 

49 

EF 

.8705 

580 
4975 

The  oil3  thu'=',  united  were  fractionated  by  fuller's  earth 
again,  with  the  roaultg  as   given  in  Tahle  7  , 


(  56  ) 


Lot 


TABLE_7 .  THIRD  FRACTIONATION. 
51  52  53 


Spec. 
Grav. 

.83L 

6 

.83-^ 

t3 

.8433 

No.  of 
tubes 

(1) 
3 

(1) 
2 

2 

Hours 

60 

60 

48 

req. 

Frac. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.  c. 

Spec. 
Grav. 

Vol, 
c.c 

A 

►8213 

92 

.8219 

65 

.8266 

73 

B 

.8303 

185 

.8333 

143 

.8431 

115 

1 
C 

.8337 

165 

.8375 

190 

.8464 

175 

54 


,8473 


48 


,830J 


.8345     90 


.8353    210 
.8356    170 


.8388    188 


.8393     90 


.8468    145 


,8474    115 


,8366    385 


,8373    190 
1487 


.8403    175 


.8411 


.8431 


92 


88 


1031 


,8473    202 


.8488     73 


.8496    170 
1088 


(l)  The  tin  tubes  used  in  these  lots  were  one  and  one  half  inches 
in  diameter. 


(  S7 


Lot 


Spec. 
Grav. 


55 


,8485 


56 

,8508 


57 


,8509 


58 


.8558 


Kg.  of 
tubes 


2 


Hours 
req. 


(1) 


Frac. 

A 
B 


48-  1  tube 
■72-  1   " 


Spec. 
Grav, 


.8283 
.8457 
.8515 


Vol, 
c.c, 


58 


100 


155 


96 

96 

72-  3 
90-  1 

tubes 

Spec. 
Grav. 

¥ol. 

c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 

Grav. 

Vol. 
c.c. 

,8313 

75 

.8336 

55 

.8318 

170 

,8488 

135 

.8491 

130 

.8531 

260 

,8546 

170 

.8528 

180 

.8578 

205 

J92    105 


.8521 

.8543 


.8566 


220 


50 


,8540     270 


180 
1033 


.8553 

150 

.8551 

185 

.8588 

205 

.8560 

92 

.8573 

45 

.8593 

340 

.8o03 

145 

.8568 

170 

.8603 

325 

.8563 

90 

.8588 

70 

.8613 

170 

.8575 

130 

.8611 

170 

.8628 

275 

987 

1005 

2055 

(l)  The  pressure  in  the  tubes  was  diainished  interroittently. 


(    68    ) 


Lot 

59 

60 

bl 

Spec.  . 
Grav. 

.8563 

.8615 

.8680 

Ko.  of 
tubes 

5 

6 

5 

Hours 

72 

72 

(1) 

5  days. 

req. 

Frac. 

Spec, 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec.    Vol 
Grav.     CO 

,8328 


.8508 


,8578 


J88 


195 
340 
325 
112 


,8343 


,8540 


,8601 


.8618 


195 


330 


290 


130 


.8413 


,8601 


,8683 


(2 


,8608 
.8623 


490 


135 


,8628 
.8638 


440 

85 


.8709 


,8628 

,8633 
.8673 


475 


155 


330 


.8664 
.8683 
.8703 


425 


140 


310 


(1)  See   page   69. 

(2)  The  volumes   of   these   oils  were  not  measured 


,8688 


.8691 


(  69  ) 

OBSERVATIONS  ON  THE  THIRD  FRACTIONATION. 

Specific  Gravity. 

The  decrease  in  the  range  of  specific  gravity  as  the 
oils  supplied  become  lighter  is  observed  in  this  fractionation 
as  in  the  preceding  ones. 

Color. 

The  lightest  oils  were  almost  colorless;  the 
heavier  oils  were  dark  brown  to  green. 

Odor. 

Most  of  the  oils  possessed  an  agreeable  odor. 

Prolonged  Diffusion._ 

In  Lot  61,  the  time  required  for  the  oils  to  reach 
the  tops  of  the  tubes  was  five  days.   No  fractionation,  as 
is  evident  from  an  examination  of  the  specific  gravities, 
occurred  in  the  lower  parts  of  the  tubes.   The  heavier  oils 
of  fractions  D,  E,  and  P  were  exceedingly  viscous. 

Volume  of  Oil  Retained  by  the  Earth. 

The  volume  of  oil  retained  by  the  earth  in  this 
fractionation  ajnounted  to  approximately  45^.   The  increase 
in  the  yield  of  oil  indicates,  therefore,  a  process  of 
purification,  in  which,  as  will  be  shown  later,  such  com- 
pcuxids  as  the  unsaturated  hydrocarbons  are  removed. 


(  70  ) 


THE  FOURTH  FRACTIONATION. 


The  following  Fractions  obtained  from  the  third  fractiona- 
tion were  united  for  the  fourth  fractionation: 
TABLE  8. 


Lot 

Fraction 

Specific  Gravity 

Volume  c.c 

51 

A 

.8213 

92 

52 

A 

.8219 

65 

53 

A 

.8266 

73 

Lot   62 

biD 

A 

.8283 

66 

54 

A 

.8503 

58 

Sp.  gr.8298 

51 

B 

.8505 

185 

56 

A 

.8313 

75 

58 

A 

.8318 

170 

59 

A 

.8328 

195 
979 

52 

B 

.8553 

145 

57 

A 
1 

.8536 

55 

51 

C 

.8337 

185 

Lot   65 

60 

A 

.8343 

195 

2 

Sp.gr.  8543 

51 

G 
1 

.8345 

90 

51 

D 
2 

.8353 

210 

51 

D 

.8356 

170 
1040 

1 

51 

E 

.8566 

588 

Lot   64 

51 

F 

1 
0 

.8572 

190 

Sp.gr. 8568 

52 

.8375 

190 

1 

52 

D 

.8388 

188 
956 

71     ) 


Lot 

Fraction 
2 

Specific  Gravity 

Volume  c.c 

52 

D 
1 

.8393 

90 

52 

E 
2 

.8403 

175 

52 

E 

.8411 

92 

iOt   65 

1 

53 

B 

.8431 

115 

Sp.  gr.  84S0 

52 

F 
1 

.8431 

88 

55 

B 

1 

.8457 

100 

53 

C 
1 

.8464 

175 

53 

D 

.8468 

145 
980 

1 

53 

E 
2 

.8473 

202 

53 

D 

.8474 

115 

.ot   66 

1 

■     — 

54 

B 

.8488 

115 

Sp.  ^r.  8483 

1 

56 

B 
2 

.8488 

135 

53 

E 

1 

.8488 

73 

59 

B 

.8508 

330 
970 

1 

57 

B 
1 

.8491 

130 

59 

B 

1 

.8508 

10 

Lot   67 

55 

0 

1 

c 

.8515 

155 

Sp.  gr.  8515 

54 

.8518 

175 

1 

55 

D 
1 

.8521 

220 

58 

B 

.8531 

260 
950 

(    72     ) 


Lot 

Fraction    Specific   Gravity 

Volume  c.c 

1 

54 

D 
2 

.8523 

180 

,ot   68 

54 

D 

.8528 

105 

1 

Sp.  gr..8553 

57 

C 

.8528 

180 

54 

E 

.8530 

245 

60 

B 

.8540 

330 

1040 

1 

55 

B 

2 

.8540 

270 

55 

D 

1 

.8543 

50 

56 

0 
2 

.8546 

170 

54 

E 

.8548 

60 

54 

F 

.8548 

145 

ot   69 

1 

57 

D 

.8651 

185 

Sp.  gr..8556 

1 

56 

D 
1 

.8553 

150 

56 

E 
2 

.8553 

145 

56 

D 
2 

.8560 

92 

56 

E 

.8563 

90 

55 

F 

1 

.8566 

180 

57 

E 
2 

.8568 

170 

57 

D 

.8573 

45 

56 

F 

.8575 

130 

1882 


[    73  ) 


Lot 

Fraction 

Specific  Gravity 

Voliime  c.o'. 

58 

1 
G 

.8578 

205 

59 

1 
0 

.8578 

325 

58 

1 

D 

.8588 

205 

59 

2 
0 

.8588 

112  ■ 

57 

2 

E 

.8588 

70 

Lot 

20 

58 

2 

G 

.8592 

105 

Sp. 

gr. 

.8596 

58 

2 

D 

.8595 

340 

60 

1 
G 

.8601 

290 

58 

1 

E 

.8603 

325 

59 

1 
D 

.8608 

490 

57 

P 

.8611 

170 

58 

2 

E 

.8613 

170 

60 

2 
G 

.8618 

130 

2937 


59 

D 

60 

d' 

Lot 

11 

59 

e' 

Sp. 

&r. 

.8638 

58 
60 
59 
60 

P 
D 
E 
E 

.8623 
.8628 
.8628 
.8628 
.8638 
.8633 
.8664 


135 
440 
475 
375 
85 
155 
425 


1990 


(  74  ) 


TABLE  9 



FOURTH  FRACTIONATION. 

Lot 

62 

63 

64 

65 

Spec. 
Grav. 

.8298 

.8343 

.8368 

.8430 

No.  of 
tubes 

1 

1 

1 

1 

Hours 

req. 

72 

72 

90 

48 

Frac. 

Spec, 
Grav, 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec. 
Grav. 

Vol. 
c.c. 

Spec.   Vol 
Grav.   c.c 

A 

.8243 

32 

.8273 

45 

.8297 

41 

.8308    42 

,8298      71      .8357      75      .8378     57     .8428    70 


.8323      90      .8378      95      .8401     81    ,  .8463    92 


,8330     115      .8383     130      .8408    115     .8473   130 


.8333     130      .8388 


.8413    135     .8471   130 


.8341      75      .8393      95      .8418     70     .8483    80 
513  538  499  544 


(  75  ) 

OBSERVATIONS  OR  THE  FOURTH  FRACTIONATION. 

Speoif ic  Gravity. 

As  in  the  preceding  fractionations,  the  decrease  in 
the  range  of  specific  gravity  as  the  mother  oils  become 
lighter  is  again  observed  in  this  fractionation.   It  is 
evident,  theref orf , that  there  is  a  constant  forward  accumu- 
lation towards  definite  and  constant  mixtures.   The  lighter 
oils  of  one  lot  are  found  to  possess  specific  gravities  closely 
approaching  those  of  the  heavier  oils  of  the  preceding  lot. 

Color. 

The  oils  of  Fraction  A  were  almost  colorless;  the 
color  of  the  heavier  oils  range  from  green  to  light  brown. 

Odor. 

All  the  oils  of  this  fractionation  possessed  agreeable 
odors. 

Volxjjne  of  Oil  Retained. 

The  voliime  of  oil  retained  by  the  earth  amounted  to 
approximately  40fc, 

Deposition  of  Paraffin. 

In  Fractions  A  and  B  of  several  of  the  lots, a  fine, 
crystalliae  deposit  separated  out,  and  collected  upon  the 
bottom  of  the  bottles  containing  the  oils.  Wnen   the  oils 
were  warmed,  this  deposit  dissolved  completely,  showing  it 
to  be  paraffin. 
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CHP]LIICAL   EXAJAINATION    OF   THE 
FRACTI0I7ATED   OILS. 

Action  of  Concentrated.  Sulphuric  Acid. 

The  percentage  by  volume  of  oil  absorbed  by 
concentrated  sulphuric  acid  (specific  gravity  1.84)  was 
determined  according  to  the  following  procedure:   Ten  cubic 
centimeters  of  the  oil  to  be  examined  were  ir'.easured  into  a 
glasc-stoppered  bottle,  and  thirty  cubic  centimeters  of 
concentrated  sulphuric  acid  v/ere  added.   The  mixture  was 
thoroughly  shaken  by  a  machine  for  thirty  minutes,  and  then 
poured  into  a  burette.   After  allowing  sufficient  time  for 
any  oil  that  might  be  mechanically  abeoi^bed  in  the  acid  to 
rise  to  the  top,  the  volimie  of  unabsorbed  oil  was  read 
directly  over  the  acid.   Ov/ing  to  the  formation  of  heavy 
emulsions,  no  attempt  was  made  to  neutralize  and  wash  the 
oil. 

The  results  of  the  analyses  are  given  in  the  table 
below: 


TABLE 

10- 

Lot 

Fraction 

Percent  by  Volujr.e 
Absorbed. 

51 

A 

2.3 

If 

B 

1 

6.1 

If 

0 
2 

9.1 

If 

c 

1 

10.2 

If 

D 
2 

11.5 

M 

D 

12.0 

rt 

E 

12.5 

ti 

F 

14.5 
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Action  of  Broraine. 

The  method  employed  for  determining  the  amount  of 
bromine  absorbed  by  the  oils  y/as  as  follows:  Between  .5  and 
.9  of  a  gram  of  the  oil  to  be  examirfjd  was  dissolved  in  ten 
to  fifteen  cubic  centimeters  of  carbon  tetrachloride.   Five 
cubic  centimeters  of  a  standard  solution  of  bromine  in  carbon 
tetrachloride  were  then  introduced,  and  the  solution  allowed 
to  remain,  with  occasional  shaking,  in  a  dark  place  for  thirty 
minutes.   Ten  cubic  centimeters  of  a  lOfo   solution  of  potassiujn 
iodide  were  then  added,  and  the  amount  of  iodine  liberated 
deterrained  immediately  by  titrating  with  a  standard  solution 
of  sodiiim  thiosulphate.   A  few  drops  of  a  starch  solution  were 
introduced  to  mark  accurately  the  end  of  the  titration.   The 
separate  amounts  of  bromine  absorbed  by  addition  and  substi- 
tution were  not  estimated. 

The  amounts  of  bromine  absorbed,  expressed  in  the 
table  below,  are  calculated  upon  the  basis  of  100  grams  of 

°^-'-'  TABLE   11. 


Lot      Fraction  Percent  of  Bromine 

Absorbed. 
32  A  5.02 

»  B  6.96 

0  7.40     ^^l"'   ,.    ^. 

Fractionation, 

"  D  7.87 

"  E  8.00 

Crude  Oil  7.64 


Lot 

Fraction 

36 

A 

1 

n 

B 

ti 

B 

1 

« 

r-, 

ft 

c 

1 

" 

D 

2 

ff 

D  ' 

n 

1 

Vt 

EF 

Second  Fractionation. 

Percent  of  Bromine 
Absorbed. 

4.74 

5.40 

5.86 

5.56 

6.18 

6.81 

S.28 

6.49 
2 

"  EF  7 . 18 

Third  Fractionation, 
51  A  3 .  27 

These  results  demonstrate  conclusively  that  the 
unsaturated  hydrocarbons  tend  to  collect  in  the  lower  sec- 
tions of  a  layer  of  a  porous  medium  through  which  the  oil 
is  allowed  to  diffuse.   These  figures  confirm  the  results 
obtained  by  Gilpin  and  Cran  in  reference  to  the  conduct  of 
the  unsaturated  hydrocarbons  in  petroleum  subjected  to  frac- 
tionation by  diffusion  through  fuller's  earth.   In  this  work 
no  distillation  by  heat  was  resorted  to,  as  wan  by  Gilpin  and 
Oram,  but  the  relative  amounts  of  the  unsaturated  hydrocarbons 
were  determined  directly  from  the  oils  as  they  caiue  from  the 
earth. 

The  percentages  by  volume  of  oil  absorbed  by  con- 
centrated sulphuric  acid  represent  only  approximately  the  per- 
centages of  unsaturated  hydrocarbons,  since, as  was  shown 
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previously,  any  benzene  which  may  have  been  pi>eaent  in  the 

oils  was  also  removed  by  the  concentrated  acid.   This  fact 

rendered  impossible  a  quantitative  separation  or  the  aromatic 

from  the  unsaturated  hydrocarbons.   Sinee  no  other  methods, 

besides  nitration  and  sul phona t i on, t\ either  of  which  could 

presence  of 
be  here  employed,  owing  to  the^^large  amounts  of  unsaturated 

hydrocarbons,  were  available  ,  no  results  as  to  the  relative 

amounts  of  the  aromatic  hydrocarbons  in  the  various  fractions 

could  be  obtained. 

Furthermore,  it  is  evident  from  the  results  of 

the  bromine  determinations  that  ,  as  the  fractionation  proceeds, 

the  amounts  of  unsaturated  hydrocarbons  become  smaller  and  smaller, 

A  comparison  of  the  amounts  of  brom.ine  absorbed  by  Fraction  A  of 

the  first,  second,  and  third  fractionations  is  given  below  for 

the  purpose  of  bringing  out  this  point  more  clearly. 

Percent  of  Bromine  Absorbed 

by  Fraction  A. 

First  Second  Third 

Fractionation.       Fractionation.  Fractionation. 

Lot  32  Lot  36  Lot  51 

5.02  4.74  3.27 
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SELECTIVE  ACTION  OF  FULLER'S  EARTH. 

When  the  earth,  from  which  as  much  oil  as  possible  has 
been  extracted  by  prolonged  treatment  of  water,  is  dried,  and 
then  digested  with  ether,  oils  of  surprisingly  high  specific 
gravity  and  viscosity  are  obtained. 

In  the  experiments  undertaken  to  study  the  selective 
action  of  fuller's  earth,  the  procedure  was  as  fallows:   The 
earth  under  examination  was  thopoughly  treated  with  water  until 
no  more  oil  appeared.   This  muddy  earth  of  the  consistency  of 
thin  liquid  paste  vms  spread  upon  porous  plates,  and  allowed 
to  dry  at  room  temperature.   Several  weeks  usually  elapse''' before 
the  earth  became  completely  dry.   It  was  then  finely  pulverized, 
and  after  being  thoroughly  soaked  and  shaken  with  ether,  the 
mixture  was  allowed  to  remain  undisturbed  for  twenty  four  hours 
or  more.   The  mixture  was  then  filtered,  and  the  dissolved  oil 
recovered  by  distilling  off  the  ether  from  the  filtrate.   The 
residual  earth  was  then  digested  v/ith  ether  for  some  time  by 
means  of  an  electric  stove  that  completely  surrounded  the  flask. 
The  oil  thus  extracted  was  added  to  the  oil  first  obtained.  In 
several  cases,  the  residual  earth  was  treated  further  with  ether 
in  the  Soxhlot  extractor. 

The  results  of  these  extractions  are  given  in  the 
following  table: 


Lot 

7 

8 

18 


19 


25 


51 
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TABLE   12 . 


Fraction 

A 

A 


Specific  Gravity  at  50. 

.8470 
.8502 
.8419 

.8400 

.8495 

.8495 

.8600 

.8363 

.8381. 

.8391 

.8489 
Specific  Gravity  at  20. 
.8368 
.8473 
.8491 
.8568 
.8518 
.8553 
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The  specific  gravity  of  none  of  the  ether-extracted  oils 
of  the  first  and  second  fractionation,  except  those  of  Lot  19, 
Goiild  be  determined  at  20.   All  were   extremely  viscous;  those 
of  Lot  25  were  so  viscous  at  this  temperature  that  they  would 
not  flow  when  the  bottles  containing  them  were  inclined.  The 
color  of  the  oils  range  from  brown  to  black.   The  ethereal 
solutions,  however,  of  many  of  the  oils  were  very  light  in 
color. 

It  is  interesting  to  compare  the  specific  gravities 
of  the  ether-extracted  oils  with  those  of  the  corresponding 
water-extracted  oils.   For  this  purpose,  the  oils  extracted 
by  water  and  by  ether  from  the  earth  of  Lot  51  are  chosen. 
In  the  table  below,  the  specific  gravities  of  these  oils 
at  the  same  temperature,  i.e.,  20  ,  are  given. 

TABLE-^  13  . 
Ether-extracted  Oils  V/ater-extracted  Oils. 

o  o 

Lot    Frac.    Spec.  Grav.  at20       Spec.  Grav.at  20  . 
51       A  .8368  .8213 

.8303 

.8337 

.8353 

.8366 

.8373 

r 

As  the  figures  above  indicate,  the  specific  gravities 
of  ether-extracted  oils  are  much  higher  than  those  of  the 
corresponding  water-extracted  oils.   The  presence  of  such 
heavy  and  viscous  oils  in  the  upper  sections  of  the  tube 


A 

.8368 

B 

.8473 

C 

.8491 

D 

.8568 

E 

.8518 

P 

.8553 
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can  be  explained  only  by  assuming  that  they  wore  carried  to 
these  heights  in  solution  with  the  lighter  oils,  and  were  then 
removed  by  the  earth.   Sirice  such  viscous  oils  are  totally 
unable  to  diffuse  by  capillarity  to  any  appreciable  extent, 
it  is  not  probable  that  their  transportation  to  the  upper 
parts  of  the  tube  was  effected  by  capillary  diffusion. 

CHEMICAL  EXAMINATION  OF  THE  OILS 
EXTRACTED  BY  ETHER. 
Action  of  Concentrated  Sulphuric  Acid . 

The  percentage  by  volume  of  oil  absorbed  by  con- 
centrated sulphuric  acid  (specific  gravity  1.04)  was  determined 
according  to  the  following  procedure:   Ten  cubic  centimeters 
of  the  oil  to  be  examined  ivere  measured  into  a  glass-stoppered 
bottle,  and  thirty  cubic  centimeters  of  concentrated  sulphuric 
acid  wei'-e  added.   The  mixture  was  thoroughly  shaken  by  a  machine 
for  thirty  minutes,  and  then  poured  into  a  burette.   After  allow- 
ing sufficient  time  for  any  oil  that  might  be  mechanically  absorbed 
in  the  acid  to  rise  to  the  top,  the  volttme  of  Linabsorbed  oil  was 
read  directly  over  the  acid.   Owing  to  the  formation  of  heavy 
emulsions,  no  attempt  was  made  to  neutralize  and  wash  the  oil. 

The  oils  selected  for  examination  were  those  extracted 
by  ether  from  the  earth  of  Lots  36  and  51. 

The  results  of  the  analyses  are  expressed  in  the 
following  table,  the  percentages  of  the  corresponding  water- 
extracted  oils  absorbed  by  the  acid  being  also  given  for  com- 
parison: 


(  84  ) 


TABLE   14, 


Oils 

Ext: 

racted 

OilG 

Extracted 

by 

Bthe: 

r. 

by 

Water. 

Lot 

Frao. 

Percent 

by  VoliJiae 

Percent  by  Volioine 

Abi 

3 orbed. 

Absorbed. 

36 

A 

24 

3 

M 

B 

37 

•10.4 

51 

A 

7 

2.3 

It 

B 

11.5 

6.1 

It 

0 

17 

9.1 

n 

D 

16.4 

11.5 

It 

E 

16.5 

12.5 

ft 

P 

18 

14.5 

Action  of  Bromine. 


The  method  employed  for  determining  the  amount  of  bromine 
absorbed  by  the  oils  was  as  follows:  Between  .5  and  .9  of  a  gram 
of  the  oil  to  be  examined  was  dissolved  in  ten  to  fifteen  cubic 
centimeters  of  carbon  tetrachloride.   Five  cubic  centimeters  of 
a  standard  solution  of  bromine  in  carbon  tetrachloride  were  then 
introduced,  and  the  solution  allowed  to  remain,  with  occasional 
shaking,  in  a  dark  place  for  thirty  minutes.   Ten  cubic  centimeters 
of  a  10^?^  solution  of  potassium  iodide  were  then  added,  and  the  amount 
of  iodine  liberated  determined  immediately  by  titrating  with  a  standard 
solution  of  sodium  thiosulphate.   A  fev/  drops  of  a  starch  solution 
were  introduced  to  mark  accurately  the  end  of  the  titration.   The 
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the  separate  amcJints  of  bromine  absorbed  by  addition  and  sub- 
stitution were  not  estimated. 

The  amounts  of  bromine  absorbed  v.-hich  are  expressed 
in  the  following  table,  are  calculated  upon  the  basis  of  100 
grams  of  oil.   The  values  for  the  corresponding  water-extracted 
oils  are  also  given  for  comparison. 
TABLE   15. 
Oils  Extracted 


by  Ether. 


Oils  Extracted 
by  Water. 


Lot 


32 


36 


51 


Frac.   Percent  of  Bromine 
Absorbed. 


5.30 

7. 39 
5.72 
6.10 
6.72 
3.27 


Percent  of  Bromine 
Absorbed. 

5.02 

6.96 

4.74 

5.40 

5.56 

3.27 


As  these  results  clearly  demonstrate,  one  of  the  properties 
of  fuller's  earth  is  to  retain  the  unsaturated  hydrocarbons,  thus 
exercising  a  selective  action.   The  selective  action  of  the  earth 
upon  the  crude  oil, in  regard  to  the  sulphur  compounds,  was  demon- 
strated by  Richardson  and  Ymllace.   It  is  very  probable  that  the 
earth  retains  largely  the  nitrogen  compounds  in  the  oil,  and  may 
also  retain  to  a  greater  or  less  extent  the  benzene  hydrocarbons. 
The  above  results  furnish  further  evidence  in  favor  of  the  view 
that  the  Pennsylvania  oil,  which  contains  but  small  amounts  of 
the  unsaturated  hydrocarbons,  diffused,  at  some  time  in  its 
history  through  porovis  media,  which  exorcised  a  selective  action 
upon  it,  removing  a  large  part  of  its  unsaturated  hydrocarbons. 
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3  U  LI  l{   A  R  Y  . 

1.  When  a  solution  of  benzene  and  a  paraffine  oil  is  allowed  to 
diffuse  upward  through  a  tube  packed  with  fuller's  earth, 
the  benzene  tends  to  accujnulate  in  the  lower  sections,  and 
the  paraffine  oil  in  the  upper  sections  of  the  tube. 

2.  When  crude  petrole-'jun  is  allowed  to  diffuse  upward  through 
a  tube  packed  with  fuller's  earth,  a  fractionation  of  the 
oil  occurs.   The  oil  that  is  liberated  by  water  from  the 
earth  from  the  top  the  tube  possesses  a  omollor  specific 
gravity  than  the  oil  obtained  from  the  earth  at  the  bottom 
of  the  tube. 

3.  As  the  fractionation  proceeds,  the  range  of  specii'ic  gravity 
covered  in  succeeding  fractionations  boco-ies  smaller,  indicating 
the  progressive  movement  towards  the  prodmction  of  mixtures 
which  will  finally  pass  through  fuller's  earth  unaltered. 

4.  In  the  fractionation  of  petroleum,  the  amounts  of  un- 
saturated hydrocarbons  in  the  resulting  fractions  increase 
gradually  fr^-m  the  lighter  oils  at  the  top  of  the  tube  to  the 
heavier  oils  at  the  bottom. 

5.  Fuller's  earth  tends  to  retain  the  unsaturated  hydrocarbons 
in  petroleum,  thus  exercising  a  selective  action  upon  the  oil. 

6.  The  results  of  this  investigation  furnish  evidence  in  favor 
of  the  view  that  the  Pennsylvania  oil  has  undergone  greater 
diffusion,  and  consequently  greater  fractionation,  than  the 
Ohio,  Texas,  and  California  oils. 
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